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“We are very glad indeed to welcome Professor Vines’ new book. It is the 
first English text-book of modern botany that has yet appeared. It is essen- 
tially a new book. No botanist was so well fitted to undertake this work as 
Professor Vines, and he has done the work carefully and well. English 
students have cause to be grateful to Professor Vines for this excellent text- 
book, which puts before them so clearly and definitely the main facts and 
conclusions connected with the science of Lotany.”—Nature. 


“Dr. Vines’ book bids fair to become the recognized text-book in our col- 
leges."— Athenaeum, 


“While congratulating Dr. Vines on the eminently satisfactory comple- 
tion of the task he has set himself, we must still more congratulate the 
English-speaking students of botany upon possession of a new and original 
text-book in their own language, and thoroughly down to date. Certainly 
‘Vines’ Botany’ is likely to be the standard text-book for candidates for 
university degrees or honours for many years to come."— Educational 
Review. 

“English-speaking students of botany are to be congratulated on the 
appearance of Dr. Vines’ text-book. At last it is possible for them to ob- 
tain within the compass of one volume, and that not an expensive one, an 
up-to-date view of the chief facts of form, structure, function, and classit 
cation of plants. Dr. Vines has a power of bringing things together, and 
giving us a broad general view of facts, the connection between which is 
not always obvious at first sight." Guardian. 





“ Professor Vines’ book abounds in excellencies of order and accuracy 
and judicious inclusion and exclusion. It is very pleasant to be able to give 
the most sincere commendation to the scientific aspect of the Ze.rt-ooh. 
‘The morphology and the anatomy and histology are all that can be desired.” 
—Journal of Botany. 
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PART I. 
MORPHOLOGY. 


Introductory. The province of morphology is the study of 
the form of the body of plants, inclnding the development of the 
body, the segmentation of the body into members, and the form 
and mutual relations of the members, as also the intimate struc- 
ture (Anatomy and Histology) of the body and its members in 
so far as structure throws light upon the morphology of any part 
of the body. It is an essentially comparative study: it classifies 
into categories the members of a plant, or those of various plants, 
according to their morphological nature, that is, according to the 
mode and relations of their development. Each category consists 
of homologous members; of members, that is, which essentially 
agree in the mode and relations of their development; or, in 
other words, which are more or less nearly equivalent morphologi- 
cally, becanse they are of common descent. 


There are various degrees of Humology, that is, of morphological relationship. 
—General homology exists between homologous members when the one is not 
the precise equivalent of the other; for instance, the sporogonium of a Moss 
in generally homologous with a Fern-plant ; and again, the sporangium of Lyco- 
pedinm, being borne singly on a sporophyll, is generally homologous with all 
the sporangia, collectively, borne on a sporophyll of an Osmunda. Special 
beomology exists between two homologous members when the one is the precise 
equivalent of the other. When this is true in detail, the special homology is 
said to be cumplete: for instance, the foliage-leaves, the perianth-leaves, and the 
sporophylls of a Phanerogam are all specially homologous, they all belong to 
the one category, leaves ; but complete special homology can only exist between 
the members of each sub-division of the category, between foliage-leaf and 
folinge-leaf, perianth-leaf and perianth-leaf, and so on. The special homology 
is incomplete when the members compared present differences in detail; thus 
between foliage-leaves, perianth-leaves, and sporophylls there exists incomplete 
special homology ; or again, the sporangia of eusporangiate plants are incom- 
pletely homologous with those of leptosporangiate plants. Members may have 
both their general and their special homologies ; thus whilst the sporangium 
of a Lycopodium is generally homologous with all the sporangia on the 
sporophyll of an Osmunda, it is specially homologous with each individual 
sporangium. Homologous members are termed the homologues of each other. 


Morphology does not, however, include the consideration of the 
v. 8. B. B 
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leaf which is thus contemporary in origin with the primary stem 
is termed a cotyledon. The cotyledons, as embryonic members, 
differ more or less widely in form from the ordinary foliage-leaves 
of the adult plant. 

b. Growth. The development of the embryo into the adalt or- 
ganism is effected by the further growth of the primary members, 
and by the development of secondary members. 

When the adult form is small and lowly organised, the process 
of growth may consist merely in a slight increase in size of the 
cell or cells constituting the embryo. But where the adult form 
is relatively large, the process of growth involves also a consider- 
able increase in the mass of the protoplasm of the embryo. Thus, 
in the development of a tree such as an Oak, not only is there an 





Fre. 6.—Young plant of Spirogyra, showing temporary differentiation into root and 
shout ; the root-end is still in the zygospore (after Pringsheim, x 125). 


increase in size of the cells of the embryo, but there is also a 
formation of additional protoplasm and therefore also a formation 
of additional cells. The formation of new protoplasm takes place 
at first throughout the body of the embryo, that is, tnterstitially, 
the whole protoplasm being in the embryonic condition; but 
gradually more or less of the protoplasm passes over into the 
adult condition, and in those parts no farther formation of addi- 
tional protoplasm or cells takes place. In some cases (e.g. Volvox) 
the whole protoplasm passes over simnitaneously into the adult 
condition ; but more commonly certain portions of the protoplasm 
remain embryonic for a longer or shorter time. These persistent 
embryonic regions are termed growing-puints. At first they are 
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worts (e.g. Marchantiacew); in the leaves of some Ferns; in the roots of 
Lycopodium and Isoetes; in the stem of some Lycopodiums (L. alpinum, 
dichotoma), In the Phanerogams it only occurs in inflorescences and flowers. 


It will be observed that dichotomous branching necessarily 
involves the limitation of growth of the branching member. 

2. In lateral branching, the new members are developed 
laterally from the parent member. Two forms may be distin- 
guished, the monopodial and the cymose. 

a. Monopodial branching. The characteristic feature of a mono- 
podial branch-system is the presence of a main axis (monopo- 
dium), formed by the continued elongation of the branching 





Fi. 19.—Cymose brancu-syatems represented diagrammatically. When the branches 
aro regarded as all lying in one plane (that of the paper), 4 and B represent the Rhipi- 
dium, and Dtho Drepanium. When the branches are regarded as lying in various planes, 
A and B represent the scorpioid (cincinnal) oyme, and D the helicoid (bostrychoid) cymes 
©, the dichssial cyme, the branches being regarded as lying in various planes. 


member, bearing a number of less highly developed lateral axes. 
This is due either to the greater rapidity, or longer duration, of 
the growth of the branching member as compared with that of the 
lateral members. 

A good example of the former case is afforded by Firs. Here 
both the primary shoot and the main lateral shoots have un- 
limited growth; but the former grows more rapidly than the latter, 
and so constitutes a main axis. 

A good cxample of the latter is afforded by racemose inflores- 
cences. Here the growth of cach of the members of the branch- 
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rather more vigorous than that of the corresponding wings, the 
margin becomes somewhat uneven (dentate, serrate); when the 
difference between them is considerable, the lamina is lobed; and 
when still greater, it consists of a number of distinct segments, 
leaflets, connected only by their common attachment te the mid- 
rib, in the case of pinnate leaves, or to the petiole in the case of 
palmate or peltate leaves. Whilst inequalties of the margin are 
indications of branching, the lamina is regarded as simple so long 
as the segmentation is incomplete; it is only when the segmenta- 
tion is complete, as in the last-mentioned case, that the leaf is 
said to be compound. 


The following examples will serve to illustrate the foregoing principles. The 
simple leaf of the Beech (Fig. 30) has an entire pinnate lamina; the leaf of the 
Shepherd’s Purse (Capsella Bursa-Pastoris, Fig. 32 C) is simple, but the lamina 
is deeply pinnately lobed. Various forms of compound pinnate leaves are 
represented by Fig. 28 C, and by Fig. 32 B, D, E, F, H, where the distinct 
segments or leaflets, termed pinne, are inserted on the common primary axis 
(phyllopodium). In H each pinna is itself compound, being segmented into 
pinnules which bear the same relation to the secondary axis of each pinna as 
tbat secondary axis does to the primary axis of the whole leaf; such a leaf is 
said to be Lipinnate, and when the segmentation is carried farther the leaf 
becomes tripinnate, ete. 

In compound pinnate leaves, the leaflets are commonly opposite to each 
other. When only one pair of leaflets is present, the leaf is said to be uniju- 
gate; when two pairs, bijugate; when many pairs, multijugate. When the 
axis (whether primary or secondary) is terminated by a leaflet, the leaf is said 
to be imparipinnate (Fig. 32 D); when there is no terminal leaflet, the leaf is 
paripinnate (Fig. 32 E). When, as in the Potato and Potentilla anserina, pairs 
of small leaflets alternate with pairs of larger ones, the compound leaf is said 
to be interruptedly pinnate. The difference in size of the leaflets is simply 
due to the more active growth of the larger oncs, 


The order of development of the leaflets of compound pinnate 
leaves depends upon the position of the growing-point in the 
longitudinal axis (sce p.17). When it is apical, the leaflets are , 
developed in acropetal succession (e.g. Pea, Ailanthus, etc.); 
when it is basal, in basipetal succession (e.g. Myriophyllum, Poten- 
tilla anserina) ; when there is both an apical and a basal growing- 
point, in divergent succession, that is, both acropetally and basi- 
petally (e.g. Achillea Millefolium, etc.). 


With regard to palmate leaves, Fig. 32 4, is an example of a deeply lobed 
lamina; and B, of a compound palmate lenf. It will be observed that in the 
compound palmate lamina of the Clover (Fig. 32, B) there are three leaflets: 
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them. Those of Rhinanthus, Thesiam and Orobanche, are de- 
veloped exogenously; those of Cuscuta, endogenously. They 
contain vascular tissue. 


B. REPRODUCTIVE ORGANS. 


§ 15. Reproduction. Reproduction consists essentially in 
the development of one or more new organisms from the whole or 
from a part of the protoplasm of a parent organism. 

This may be effected either by the separation of a member or 
a portion of the body, which, by developing the missing members, 
constitutes a new individual; or by the production of special re- 
productive cells termed spores. Two modes of reprodaction are 
therefore distinguishable: vegetative multiplication, and spore- 
reproduction. 

1. Vegetative Multiplication is essentially connected with the 
process of growth. 

The simplest modes of this occur in unicellular plants. In 
Pleurococcus, for instance, the cell divides into two, each of which 
constitutes a new organism. In this case the parent ceases to 
exist as an individual. In Yeast, the cell produces out-growths 
each of which becomes an independent unicellular organism. In 
this case the number of the progeny is not limited, and the parent 
organism persists. This is termed multiplication by gemmation. 

In more complex plants vegetative reproduction is commonly 
effected in this way, that the main axis of the shoot or of the 
thallus, dies away: the branches thus become isolated and consti- 
tate independent organisms. This occurs very commonly in the 
protonema of Mosses, in the rhizomes of many Phanerogams, 
etc. In those cases in which the leaves produce adventitious buds 
(e.g. Bryophyllum calycinum, many Ferns), the adventitious buds 
develope into independent plants after the leaf has fallen from the 
plant bearing it. 

In many plants special organs for vegetative multiplication are 
produced, which may be generally termed gemma. In a few 
cases the gemmw are unicellular; as those of Vaucheria tuberosa 
{ccenocyte), and of Monospora among the Algw, which are the 
terminal cells of branches; those of some Fungi (Mucorinm, 
Tremellinew, some Ascomycetes) where they are segments of 
mycelial branches ; and those which are produced on the margins 
of the leaves of Jungermannia ventricosa, Scapania nemorosa, and 
other Hepatics. 
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phylls are generally small scaly leaves; and in the Angiosperms 
they differ widely in form from the foliage-leaves. In some of 
the Alg@ too, as in Cladostephus (Sphhcelaries), there are 
definite sporophylls. 

The distribution of the sporangia among the sporophylls in 
heterosporous plants isan important point. In the Hydropteridew 
(Rhizocarps), both the microsporangia and the macrosporangia 
are borne by the same sporophyll ; but in all other heterosporous 
plants they are borne by distinct sporophylls, which may be dis- 
tinguished respectively as microsporophylls and macrosporophylls. 
In the Phanerogams the microsporophyll is termed a stamen; the 
macrosporophyll, a carpel; but there is no reason for confining 
these terms to this group of plants. 

The term stamen is not, however, always strictly confined to microsporo- 
phylls, but it is also applied to portions of the axis bearing microsporangia. 
For instance, in Callitriche, Casuarina, Naias, etc. (see p. 71), the micro- 
sporangia (pollen-sacs) are borne on a segment of the sporophore, which is 
termed a stamen. 

In heterosporous plants, both kinds of sporophylls are gener- 
ally present in one and the same flower: when, however, the 
flower includes only microsporophylls, it is termed microsporophyl- 
lary or staminate ; and when it includes only macrosporophylls, it 
is termed macrosporophyllary or carpellary. 

In some cases the sporangia are borne, not upon, but in close relation with, a 
leaf, which is nevertheless regarded as a sporophyll.. Thus, in Selaginella, the 
sporangium is in the axil of the sporophyll. Again, the leaves which invest the 
macrosporangia (ovules) of Polygonacesw, Primulacem, etc., are termed carpels, 
though they do not actually bear the sporangia. 

The distribution of the sporangia on the sporophyll is various. 
They may be borne exclusively on the under (dorsal) surface, as 
in most Ferns, Equisetum and Gymnosperms (pollen-sacs) ; or 
exclusively on the upper (ventral) surface, as in the Lycopodine, 
Marsileacere, macrosporangia of Conifers and of some Angiosperms 
(e.g. Butomus) ; or on both surfaces, as in Osmunda; or on the 
lateral margins, as in Ophioglossum and the Hymenophyllacee, and 
in many Angiosperms (e.g. Leguminosm, Violacex, Liliaces) ; or on 
the apices of segments of the sporophyll, as in the Salviniacess. 

The number of the sporangia borne by a sporophyll also varies 
widely. In some cases there is only one, as in Selaginella, Lyco- 
podium, Isoetes; or two, as in most Conifers; or four, as in most 
Angiosperms (microsporangia) ; or many, as in the Filicine. 
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In most cases the sporangia are free on the surface of the 
aporophy!1; but in some cases they are enclosed in a cavity formed 
either by the infolding and junction of the margins of the sporo- 
phyll, or by the junction of the margins of adjacent sporophylls. 
The sporangia of the Marsileacew are thus enclosed by the sporo- 
phyll, as are also the macrosporangia of all Angiosperms. In the 
latter group the resulting structure is termed the ovary. 

(d) The Hypsophylis (Fig. 36, p. 57). Under this common term 
are included bracts and perianth-leaves. 

Bract. This term is generally applicable to the leaves, other 
than the sporophylls and perianth-leaves, which are borne by the 
rhachis or branches of the inflorescence: those which are borne 
on the pedicels of individual flowers are, however, distinguished as 
bracteoles or prophylla, 

The bract is frequently not distinguishable from a foliage-leaf, 
but it may be reduced to a scaly leaf, or it may be very large and 
even highly coloured, when it is said to be petaloid. An example 
of the occurrence of bracts in the Pteridophyta is afforded by 
Equisetum, where there is a whorl of small bracts, forming what 
is known as the ring, just below the cone or flower. In some 
Monocotyledons (e.g. Palms, Arums, etc.) there is a large bract, 
termed a spathe, which invests the whole inflorescence: it is usually 
not green in colour, as in the Trumpet Lily (Zantedeschia wthiopica) 
where it is white. In some cases the bracts are arranged in whorls 
round the inflorescence (e.g. Composit») forming an involucre. 

The bracteoles sometimes form an investment, termed an epicalyzx, 
to the flower (e.g. Malva, Camellia, etc.). 

The Perianth-leaves are leaves developed in immediate relation 
with the sporophylls, or with the sporangiferous axis, of a flower, 
to which they form a protective or attractive investment termed 
the perianth. A perianth is present only in Phanerogams, and is 
confined almost exclusively to the Angiosperms: the Gnctacew are 
the only Gymnosperms in which it is represented. The leaves may 
be arranged in a single whorl, or in two or more; or they may be 
all alike, either green and inconspicuous, or of other bright colours 
and conspicuous; most frequently the leaves of the outer whorl 
(sepals constituting the calyx) are smali and green in colour, being 
especially protective in fanction, whilst those of the inner whorl 
(petals constituting the corolla) are large and brightly coloured, 
being especially attractive in function. (For further details, sec 
The Flower, p. 512). 
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defined, ciliated, somewhat pear-shaped masses of protoplasm 
destitute of a cell-wall (e.g. Botrydium, Ulothrix, Ectocarpus, etc.), 
and are distinguished as planogametes. When, however, they are 
not free-swimming (as in the Conjugate Algee) they have no defined 
form nor are they ciliated. 

The gametes of heterogamous plants. The male gamete, when the 
conditions are such that it must of necessity be free-swimming, is 
generally a well-defined ciliated mass of protoplasm, termed a 
spermatozoid; spermatozoids occur in the heterogamous Green and 
Brown Alge (e.g. Vaucheria, Volvox, Spheroplea, (Edogonium, 
Chara, Fucus), in the Bryophyta, and in the Pteridophyta. In the 
lower forms the spermatozoid is more or less rounded or pear- 
shaped, somewhat resembling a planogamete of the isogamous 
forms: but in the higher it is club-shaped or filamentous, thicker 
at the posterior end, pointed at the anterior end where the two 
or more cilia are borne, and more or less spirally coiled. 

An exception to this form of free male gamete is afforded by 
the Red Algw, where the gametes are small rounded or oval bodies 
destitute of cilia, and are distinguished as spermatia ; when first set 
free they have no cell-wall, but they develope one before they come 
into contact with the female organ. Very similar to these are the 
spermatia of certain Ascomycetous Fungi, which have, however, a 
cell-wall from the very first; but there is some doubt as to the 
sexaal nature of these cells. 

When, owing to the proximity of the male and female organs at 
the time of fertilisation, the male gamete has no considerable dis- 
tance to traverse (e.g. Peronosporacew, Phanerogams), it is not 
differentiated as a spermatozoid, but it is simply an amorphous cell 
withont a cell-wall. 

The female gamete, or oosphere, is not ciliated, nor is it, as a rule, 
set free, but remains in the female organ until after fertilisation: 
but in Focus and its allies, the oosphero is extruded from the fe- 
male organ before fertilisation. It is, generally speaking, spheri- 
cal in form, as its name denotes. 

The gametes are developed from one or more mother-cells in 
the gametangiuam. In isogamous plants, as a rule, each mother- 
cell gives rise to more than one gamete, and commonly to a con- 
siderable number (e.g. Botrydium, Ulothrix) ; but in Ectocarpus 
and some other Phwospores, each mother-cell produces but a 
single gamete. Whilst in the higher heterogamous plants the 
malo gametes are each developed singly from a mother-cell, in the 

v. 8. B. G 
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lower it is the rule that the male gametes are produced several 
together from one mother-cell. The female gametes are de- 
veloped singly in the mother-cell, except in the Saprolegniaces 
among Fungi, and in some genera of Fucacee (Pelvetia, Ozothal- 
lia or Ascophyllum, Fucus), in which from two to eight (Fucacee) 
or up to twenty (Saprolegniaces) oospheres are produced from one 
mother-cell. 

With regard to the development of the gametes, it is sometimes 
the case that the whole of the protoplasm of the mother-cell is 
used in their formation. Thus, the gamete of Spirogyra is formed 
by the rejuvenescence of the whole protoplasm of a cell of the 
filament ; and the oospheres of Fucus are formed by the division 
of the whole of the protoplasm of thé mother-cell. But in most 
cases a portion of the protoplasm, and more particularly of the 
nuclear substance, is excluded from taking part in the formation 
of the gametes: a portion of it is either directly cut off by 
division, or is simply not used in the development of the gamete. 
Thus, in the Bryophyta, Pteridophyta, and Gymnosperms, the 
development of the oosphere begins with the division of the 
nucleus of the mother-cell (central cell) into two; this is followed 
by the division of the mother-cell into two unequal parts, no 
cell-wall being however formed ; the larger portion is the oosphere; 
the smaller, which eventually decomposes, is termed the rentral 
canal-cell, on account of its position in the female organ. In cer- 
tain Algw the development of the oosphere is attended by (e.g. 
Vanucheria, Cidogonium, Coleochmwte) the discharge of a mass of 
protoplasm from the female organ prior to fertilisation, which 
probably corresponds to the ventral canal-cell of the higher 
plants. 

With regard to the development of the spermatozoid, it ap- 
pears, in those cases in which it has been most fully investigated 
(Bryophyta, Pteridophyta), that only a portion of the cytoplasm 
and nuclear substance of the mother-cell is used in its formation; 
the residue is usually discharged with the spermatozoid, as a vesi- 
cle which adheres to it, until thrown off by its active movements. 
(For details, see Part II., Cell- Formation, p. 116.) 

The masses of protoplasm which are derived from the mother. 
cells, but are excluded in any of the above ways from entering 
into the formation of the gametes, are termed, generally, polar 
baties. Their physiological significance is considered in Part 
IV. (p. 772). 
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Alge, except Characem; Freacem), as also genorally in Phanero- 
gams. In all the other cases it is multicellular, and of simple 
strocture, except in the Characes, where the structure is ex- 
tremely complex. In some cases (Rhizocarps) the antheridiom 
consists almost entirely of the mother-cells of the spermatozoids; 
in most cases the mother-cells are surrounded by a parietal layer 
of cells. The pollinodium is generally unicellular. 

The oogonium is either unicellular, as is generally the case, or 
it is a coenocyte (e.g. Peronosporaces, Vaucheria). The archegonium 
is generally multicellular, consisting of a cellular wall investing 
the oosphere, usually prolonged into a tubular neck; but in some 
of the higher plants, Welwitschia among the Gymnosperms, and 
all Angiosperms, the archegoniam is reduced to a single cell, the 
oosphere. The archicarps and procarps are unicellolar in some 
cases, multicellular in others; in most cases the organ is pro- 
longed into a filament, the trichogyne, by means of which fertili- 
sation is effected. The oogonia (except those of Peronosporacer, 
Saprolegniacew, and Characes) and the archegonia, open, so that 
their contents are in direct relation with the surrounding medium; 
in the procarps and archicarps this is not the case. 

Further details are given in Part III. in connexion with the 
plants to which the various organs belong. 

(c) Tho Gametophore. In some plants in which the gametophyte 
is well-developed, the sexual organs are not borne indifferently on 
any part of the body, but are confined to particular regions or 
branches of the thallus or of the shoot, which may be distinguished 
as gametophores; as in some Algsw (e.y. Himanthalia lorea), Liver- 
worts (e.g. Marchantia), Mosses (e.g. Sphagnum), and some Ferns. 
In Himanthalia lorea (Fig. 44) the vegetative portion of the body 
is conical in form and is attached at its pointed end, and from the 
middle of the cup-like upper surface there grows a long branched 
gametophore. In Marchantia, and some other Liverworts, some 
of the flattened prostrate branches of the thallus develope termi- 
nally into an erect cylindrical gametophore, bearing male or female 
organs (antheridia or archegonia) on a receptacle at its summit. 
In Sphagnun, also, the antheridia and archegonia are borne re- 
spectively on distinct and specialised branches. Such unisexual 
gametophores may be specially designated antheridigphores or 
archegoniophores. In some Ferns which have an altogether fila- 
mentous gametophyte (vg. Trichomanes), the female organs (ar- 
chegonia) are borne on short multicellular lateral branches form- 
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ing cushion-like gametophores, or, more precisely, archegonio- 
phores. When, as in most Ferns, the adult gametophyte is a fiat- 
tened dorsiventral cellular expansion, the archegonia are borne 
on a cellular cushion projecting on the ventral surface, which 
constitutes the archegoniophore. This kind of archegoniophore 
reaehes its highest development in the Fern Gymnogramme lepto- 
phylla, where the cushion grows out into a tuberous subterra- 
uean archegoniophore. 

When the shoot is differentiated into stem and leaf, the sexual 
organs are in some cases borne on more or less specialised leaves 
which may be termed 
gametophylls, as in some 
Algw, such as the Cha- 
races (both antheridia 
and oogonia), the higher 
Sphacelariew (gametan- 
gia of Cladostephus) and 
the Rhodomelew (e.g. 
antheridia of Polysipho- 
nia). 

The sexual organs may 
either be scattered over 
the surface of the mem- 
ber bearing them, or they 
may be developed in 
groups (sori). Occasion- 
ally a sorus is enclosed 
ina receptacle; such re- 
ceptacles are the concep- 
tacle of the Fucacew and 
of the Coralliness (Flori- 
dew) ; the spermogonium of the Ascomycetous and Acidiomycetous 
Fungi; the receptacle of many Hepatic. 

In some Hepaticm (e.g. foliose Jungermanniacee), and in all 
Mosses, the sorus of sexual organs is surrounded by leaves, which 
may differ more or less from the ordinary foliage leaves. The 
investment thus formed is termed a perichetium, and the leaves are 
termed perichetial leaves. 

Since, as has been pointed out, the gametangia correspond to 
the sporangia, the gamctophore corresponds also to the sporophore ; 
they are both portions of the shoot, or of the thallus, which are 





Fig. 44.—Himanthalia lorea (mach reduced), a 
vegetative part of body; b branched gametophore. 
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specially adapted to bear the reproductive organs, in the one case‘ 
sexual, in the other, asexual. And just as an axis of the sporo- 
phore bearing one or more sporangia (whether directly or on spon- 
phylls) is termed a flower, and the sporophore itself an inflorescence ; 
so these terms may be applied to the gametophore, though the 
physiological differences between the sporangia and gametangia 
must be borne in mind. It has, in fact, long been customary with 
reference to Mosses, to speak of the sori of sexual organs, with 
their pericheetia, as “flowers.” 

(4.) The distribution of the Sexual Organs. The male and female 
organs are either borne by the same gametophyte, or they are 
borne by distinct male or female gametophytes; in the former 
case the organism is said to be monecious, in the latter dicectous. 


The following are instances of monecious gametophytes :— 

Alga ; Volvox Globator, Rhynconema (Zygnemem), Vaucheria, Spheroplea, 
Coleochwte, some species of Chara and Nitella, Fucus platycarpus, Hali- 
drys, Cystoseira, Pycnophycus. 

Fungi ; moncecism is the rule. 

Muscinee ; essentially monecious. 

Pteridophyta ; homosporous forms generally monecious, except Equisetum. 

The following are instances of diecious gametophytes: 

Alge ; Volvox minor, Eudorina, Conjugatw generally, Cutleria, most species 
of Facus, Ozothallia (Ascophyllum), most Red Algw. 

Pteridophyta ; Equisetum, and all heterosporous forms (Hydropteridem, 
Isoetacem, Selaginellacem). 


The Phanerogams have not been included in the preceding list, 
for the conditions which obtain among them in this respect are 
peculiar, and demand separate consideration. Inasmuch as the 
Phanerogams are heterosporons, they are essentially dicecious, since 
each kind of spore produces its corresponding male or female 
gametophyte. But in consequence of the fact (see p. 74) that the 
macrospore is not set free, but remains attached to the sporophyte, 
and germinates in that position, the female gametophyte is 
attached to the sporophyte. On this account, and on account of 
the rudimentary development of the male gametophyte (pollen- 
tube), the spores, that is the pollen-grain and the embryo-sac, 
have come to be inaccurately regarded as sexual reproductive cells, 
and the stamens and carpels, which are really sporophylls, as 
sexual reproductive organs. Hence a Phanerogam is said to be 
monoecious when the same individual bears both stamens and 
carpels, dicecious when they are borne by distinct individuals 
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Moneecism, in this sense, is the general rule in Phanerogams ; but 
diceciam obtains in the Cycadacew, the Taxem, the Araucaries, 
some Juniperine, and Ephedra, among Gymnosperms; and in 
various Angiosperms, such as Naias, the Pandanacew, some Palms, 
Cannabinacem, Salicacew, Aucuba, etc. 

When in moneecious plants the male and female organs are both 
present in the same sorus, as in some Algew (e.g. Fucus platycarpus, 
Halidrys, and other moncecious Fucacee) and in some Mosses, the 
sorus is said to be bisexual or hermaphrodite, and the plant is said 
to be monoclinous; when they are borne in different sori on the 
same plant (e.g. in Hepaticee generally, some Mosses), the sorus is 
raid to be unisexual, male or female as the case may be, and the 
plant diclinous. These terms are also applied to the flowers of 
Phanerogams in accordance with the foregoing explanation; 
diclinism is the rule in the Gymnosperms, and it occurs also in 
various Angiosperms. 

§ 18. Apospory and Apogamy. Although it is the rule that 
the gametophyte springs from the spore produced asexually by the 
sporophyte, and that the sporophyte springs from the spore pro- 
duced sexually by the gametophyte, yet the transition from the 
one generation to the other may be effected otherwise. 

In some cases vegetative reproduction is substituted for repro- 
duction by an asexaally-produced spore: this process is termed 
Apospory. Thus in some Ferns (e.g. Athyrium Filiz formina) the 
gametophyte (prothallium) is produced directly by budding from 
the leaves of the sporophyte. 

In other cases, either vegetative reproduction, or reproduction 
by asexually-produced spores, is substituted for reproduction by 
sexually-produced spores: this process is termed Apogamy, dis- 
tinguished in the one case as vegetative apogamy, and in the other 
as parthenogenetic apogumy or parthenogenesis. Examples of 
vegetative apogamy are afforded by some Ferns (e.g. Pteris cretica) 
where the sporophyte is developed as a bud upon the gametophyte ; 
and also in certain Ascomycetous Fungi where the sporophyte 
(ascocarp) is directly developed upon the mycelinm; in neither 
case is there any development of sexual organs. Examples of par- 
thenogenetic apogamy are afforded by the Saprolegniacem, where, 
although oogonia are developed, there is no fertilisation, but the 
cells (corresponding to oospheres) contained in the oogonia ger- 
minate as though they were oospores; and also by certain Ascomy- 
cetes where the archicarp developes without fertilisation into an 
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ascocarp. In either case the result is that a sporophyte is de- 
veloped from that which either is, or represents, a gametophyte, 
without the intervention of a sexual process. 

§ 19. The Fruit. Although the forms of fruit occurring 
among plants are so various in their form and in their structure, 
it is possible to include them all in a single definition. A fruit is 
the product of a process of growth initiated as a consequence of 
a sexual act in structures which are not themselves immediately 
concerned in the sexual act. 

To begin with instances among the lower plants, the cystocarp 
of the Red Alge and the ascocarp of the Ascomycetous Fungi are 
fruits. In these cases the effect of the fertilisation of the female 
organ is not merely that the female organ gives rise to sporangis 
(carposporangia in the one case, asci in the other); but the ad- 
jacent vegetative tissues are stimulated to growth, forming an 
investment to the structures developed directly from the fertilised 
female organ, the whole constituting a fruit. 

Similarly, in the Bryophyta, and to a less extent in the Pterido- 
phyta, the effect of the fertilisation of the oosphere is not merely 
to cause the formation of an oospore and the development of an 
embryo, but the wall of the archegonium is stimulated to fresh 
growth and forms an investment, the calyptra, which encloses 
the embryo-sporophyte for a longer or shorter period, the whole 
constituting at this stage a fruit. 

The most remarkable instances of fruit-formation are, however, 
to be found in the Phanerogams. Here, as a result of the fertilisa- 
tion of the oosphere, various parts of the flower are stimulated to 
growth; most commonly it is only the macrosporophylls (carpels) 
which are so affected, but the stimulating influence may extend to 
the perianth-leaves or to the axis of the flower, the resulting tissues 
being either hard and woody, or soft and succulent (see Part 
IIL., under Phanerogams). The peculiar feature of the fruit of 
these plants, as contrasted with those of the lower plants, is that 
here the tissues affected all belong to the sporophyte, whereas in 
the lower plants they belong to the gametophyte: this is the 
necessary result of the peculiar relation of the female gametophyte 
to the sporophyte which obtains in the Phanerogams (see p. 86). 

§ 20. The Seed. As this is a structure which is peculiar to 
Phanerogams, its morphology is discussed in connection with that 
group (see Part IIL, p. 458). 
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There is another kind of structure ocenrring in cellular plants 
which has to be distinguished from both the cell and the cwnocyte: 
that is the syncyte. This structure is developed from already- 
formed cells by an absorption, more or less complete, of the cell- 
walls, which places the cavities of the adjacent cells in direct con- 
tinuity. The commonest case of this occurs in the development of 
vessels, where the transverse septa of a longitudinal row of cells 
are absorbed so that a continuous tube is formed. 

But even in the fully-developed cellular plant-body it appears to 
be very frequently the case that the energid in one cell is not 
absolutely cut off from those of the adjacent cells, but that there 
is continuity of the pro- 
toplasm; that is, that 
the protoplasm of one 
cell is connected with 
that of the contiguous 
cells by means of very 
delicate protoplasmic 
fibrils which traverse 
the pits or pores of the 
intervening  cell-walls 
(Fig. 45). This con- 
nection appears, how- 
ever, to exist from the 
first development of the 
cells, and thus differs 
from the case of the 





Fre. 45 (highly magnified, after Gardiner). —C20- 
syncyte where the ab-  tinuity of the protoplasm of contiguous cells of the 
sorption of the inter. endosperm of a Palm-seed (Bentinckin): a contracted 


protoplasm of acell; b a group of delicate protoplaamic 


vening cell-walls is &  gprits passing throngh a pit in the cell-wall. 


secondary process. 

The term tissue is generally applied to any continuous aggregate 
of cells (or of cosnocytes); but it is essential to define the term 
more accurately. A true tissue is an aggregate of cells (or of 
coenocytes) which (1) have a common origin, whether formed 
simultaneously (e.g. development of endosperm of Phanerogams), 
or successively, as in the case of a tissue developed from a grow- 
ing-point ; which (2) are coherent from the first and are governed 
by a common law of growth; and which (3) are physiologically 
interdependent and cannot, in fact, exist otherwise than as part 
of the tissue. 
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This definition may be further illustrated by the consideration of aggregates 
of cells (or of coonocytes) which do not constitute true tissue. For instance, 
the body of Hydrodictyon consists of a number of coherent ccenocytes which 
were originally free cells, and which are physiologically independent ; similarly 
the cells forming the body of a Spirogyra do not constitute a true tissue, on 
account of their physiological independence. In the higher Fungi (e.g. Agari- 
cus) a nearer approach to a true tissue is made by the aggregation of filaments 

" (hypha) of the mycelial body into masses such that the growing-points of the 
aggregated hyphe form a colleotive apical growing-point. These various forms 
of cell-aggregation may be distinguished as spurious tissues. 


The tissue, true or spurious, of which the body of a plant con- 
sists may be either homogeneous or heterogeneous; that is, the cells 
(or the ccenocytes) may be all alike, constituting therefore but one 
kind of tissue; or they may not be all alike, the different kinds of 
cells being more or less grouped together so as to form different 
kinds of tissue. A body which consists of different kinds of tissues 
is said to be histologically differentiated. 

The structural differences between the various forms of tissue 
in a histologically differentiated body are essentially connected 
with the special adaptation of each form of tissue to the per- 
formance of some particular function in the economy ; their differ- 
ences are, in fact, evidence of their physiological interdependence. 
In a histologically undifferentiated body (eg., Hydrodictyon, 
Spirogyra, ete.), the cells (or conocytes) are all similar because 
they all have to discharge similar functions; in fact, each cell 
(or ccenocyte) discharges all the functions of a living body; at 
first nutritive in function, it closes its existence as a reproduc- 
tive organ. A body such as this, consisting of physiologically 
independent structural units, is distinguished as a ceenobium. 

It is a remarkable fact that, whilst the cells of the various 
tissues of a histologically differentiated body present characteristic 
peculiarities of form, size, and relative arrangement, the most 
striking distinctive peculiarities are exhibited, not, as in animals, 
by the protoplasm of the cells, but by the cell-walls in respect of 
their thickness, their chemical composition and physical properties, 
and their markings (p. 103). 

Inasmuch as the cellular plants are the more numerous, and 
present greater variety of structure, the following account deala 
almost exclusively with them. And since the cell is the structural 
unit of these plants, it will be advantageons to study the cell as 
such first, and then to proceed to the study of the tissues. 
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CHAPTER I. 


THE CELL. 


§ 22. The Structure and Form of the Cell. Ina fully 
developed living cell the following three principal constituents 
may be distinguished (Fig. 46 B O and D) :— 

(1) A closed membrane, the cell-wall (h), consisting generally of 
a substance termed cellulose. 

(2) A layer of gelatinous substance, the protoplasm (p), lying in 
close contact atall 
points with the 
internal surface 
of the cell-wall; 
the protoplasm 
gives the chemi- 
eal reactions of 
proteid. In it 
lies a nucleus (Kk), 
in which one or 
more smaller 
bodies, nucleoli 
(kk) may generally 
be distinguished. 

(3) Cavities, 
one or more, in 
the protoplasm, 
termed = racuoles 


(s), which are Fie. 46.—Cells and their structure. 4 Young cells from the- 
filled with a wa. °vary of Symphoricarpus racemosus (x 300); B cells from an 
velar older ovary of the samo plant (x 300); Cand D from the frait 

tery liquid, the of the eame plant (x 100); h cell-wall; p protoplasm; k 
cell-sap. nucleus; kk nucleolus; s vacuole, In C there is a single 
largo vacuole, the whole of tho protoplasm forming the parictal 

The stracture jg;er, In D there are several vacuoles, and the nucleus lies in 
of a coenocyte is» central mass of protoplasm connected with the parietal layer 


essentially the >Y ™merousetrands. 
same as that just described, except that several (sometimes very 
many) nuclei are present. 

The young cell presents a somewhat different appearance (Fig. 
46 A). At this stage the protoplasm occupies the whole cell- 
cavity. But, in the subsequent development of the cell, the in- 
crease in bulk of the protoplasm does not keep pace with the 
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hyaloplasm lies a fibrillar network consisting of a substance termed 
linin, in which are distributed a number of granules of a substance 





Fre. 47.—Resting nucleus 
from the young endosperm 
ot Pritillaria. imperialis 
(after Strasburger : x 1000); 
ehowing the fibrillar net- 
work with its chromatin- 
granules, and several na- 
cleoli. 


termed chromatin. One or more small 
granules, termed nucleoli, are to be seen 
lying in the ground-substance, and consist 
of a substance termed pyrenin. On treat- 
ing the nucleus with staining reagents, the 
fibrillar network becomes stained on 
account of the absorption of the colouring- 
matter by the chromatin-granules, as also do 
the nucleoli. Its form is most commonly 
spherical, but it may be lenticular, or 
elongated, and straight or curved. 

A formation of a nucleus de novo does 
not take place under any circumstances; 
hence all the nuclei in a plant have been 
derived by repeated division from the 00 


cleus of the spore from which the plant has developed. The 
division of the nucleus may be either direct or indirect (mitotic); 

















in all cases it 
divides into 
not more then 
two parts. 
Direct divi- 
sion or frag- 
mentation of 
the nucleus 
commonly oc- 
curs in old 
cells (see p. 


90), which 
then become 
multinucle- 


ate; it is not 
associated 
with cell-divi- 
sion. So far 
as the pro- 





—Direct nuclear division, im cel's of old internodes of 


‘ia virginica: A drawn from fresh material; B isolated 
i, after treatment with acctic methyl-greon, (After Stras- 


burger: x 610.) 


cess has been 
investigated, 
it consists 
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The Structure of the Cell-wall. When the cell-wall is at all 
thickened it presents indications of structure, 
Tt presents, in the first place, a 
appearance when examined in 
Tongitadinal or transverse action (Fig. 
60). This Inyering or stratification of 
the cell-wall is readily intelligible when 





Fro, ©).—Transverse Bec- 
tion of = bast-cell from tho 
root of Dahlia veriabilie (x Fro. 61,—Colls from the endo- 
800); Utheceli-cavitys KPit- —aapormn of Ornithogalum wmbella- 
cauala which penetrate the tum showing simple pits: 
stratification; »p a crack by ‘m pits seen in surface viow ; p 
which an inner systom of closing membrane een in lon- 
layers has become sopara- —gitudinel section; ™ nucloas, 
peta, &. (x 200.) ted, (After Sachs.) {x 280: after Strasbarger.) 






it i¢ remembered that the thickening of the wall is due to the 
Geposition of successive layers from within. 
Tt presents, secondly, a delicate 

when examined in sur- B 
‘view, the lines running at a f 





Pia, 03,—Circular bordered pits on 
the wood-cells of the Pine, A Seen from 
the surface, B In seotion; # the closing 
membrane; m the middle lansela. @ An 
earlier singe, in section. ( x40, diagram.) 


_ ——i 
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tinguished as fibrous cells. The cell-walls are thickened, some- 
times so much so as almost to obliterate the cavity or lumen (Fig. 
92); they are frequently lignified throughout, or only partially, or 
not at all (e.g. bast-fibres of Flax and Hemp); they commonly have 
simple round pits, or oblique and narrow bordered pits (Fig. 94). 


Va 
VY 
wy 





Fre. 92.—Longitadinal section of the cortex of Fra, 93.—Isolated sclerotic 
the Oak, showing s short sclerotic cells ; f Abrous cell from the leaf of Exostemma 
aclerenchyma; p parenchymatous cells. (x 300.) (Bubiace). (x 300.) 


Sclerenchymatons tissue usually occurs in masses so as to give 
firmness and rigidity to the various parts in which it is present; 
it constitutes, together with the collenchyma, the mechanically 
supporting-tissue or stereom of the plant. 

Isolated sclerotic cells (without cytoplasm) of irregular form 
(Fig. 93) are of frequent occarrence (e.g., in the flesh of Pears, in 
coriaceous leaves as those of Camellia, Hakea, Olea, etc.): when 
these cells project freely into air-cavities (e.g. Nymphmacem, Aroids, 
Limnanthemum, Rhizophora) they are sometimes called internal 
hairs; short, straight cells occur in the secondary bast and cortex 
of many trees (Fig. 92). 

In some cases (e.g. Vinca, Nerium, Urtica, Humulus, ete.), the young bast- 
fibres have been found to become cwnocytic in consequence of the multiplica- 
tion of their nuclei by indirect division. In other cases the sclerenchymatous 
fibres become septate in consequence of the nuclear divisions being followed by 
the formation of septa; such apparently multicellular fibres (not uncommon in 
the secondary wood of Dicotyledons) are termed chambered fibres. 

5. Tracheal tissue consists of cells which early lose their cyto- 
plasm ; their cell-walls are generally, but not always, lignified, and 


pittod walls wection x 900). 2 Wood-fibres fi 
(x 900), surface view and section. C Pibros from the stem of 





(gametophyte) nher tesa n 
b. The rachew are true vessels, that 
contiguous cell-cavities having been ren 
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complete or partial absorption of the intervening walls (Fig. 95 
Ca); the former is more frequently the case when the interven- 
ing walls are horizontal, the latter 
when they are oblique; they 
occur in the wood of many Phane- 
rogams. 

Tracheal tissue is the character- 
istic constituent of the vascular 
tissue-system to be described sub- 
sequently; it is especially adapted 
for the conduction of water. It 
should be noted that in all forms 
of lignified tissues, whether tra- 
cheal, sclerenchymatons, or paren- 
chymatons, the middle lamella is 
the most highly lignified part (p. 
128); it dissolves readily in a 2 
mixture of nitric acid and chlorate Fie. 95.—Tracheal tissue. A Tracheid 
of potash, thus leading to the iso- fromthe leaf of Sphagnum. JTheholes 
lation of the constituent cells. ie eas ou Poliieaian duane. eae 

When a tracheal cell with a  ofs trachea with bordered pits from the 
pitted wall abuts upon cells con- [™ Sir eeue taal behave Aewgiing 
taining living protoplasm, it not culations, where the absorbed transverse 
unfrequently happens that the thin lls existed. 
pit-membranes begin to bulge, in consequence of the pressure upon 
them of the contents of the living cells, into the cavity of the 
tracheal cell, and actually 
grow (Fig. 96). Cell-di- 
vision may take placo in 
these ingrewths, so that a 
mass of cellular tissue is 
formed in the cavity of 
the tracheal cell. These 
ingrowths are termed 
tyloses; they are constant- 
ly to be fonnd in some 
kinds of wood, (e.g. Ro- 


binia) and occasionally in _ Fr0. 06 (after Weiss).—Portion of wood-vessel of 

Vitis vinifera, in transverse seotion, with adjacent 
many others. cells abc, one of which bas grown into the lumen 
6. Sieve-Tissue. Thig of the vessel forming a tylose b. 


tissue consista mainly of long articulated tubes, the contents of 
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with the naked eyeas transparent dots. The development of these 
oil-glands begins with the division of one or two cells of the 
young leaf,a group of cells being formed in the cytcplasm of 
which oil-drops make their appearance. The walls between the 
cells (Fig. 101 BC) undergo absorption, so that a cavity is formed 
which is bounded by the closely-packed adjacent cells, and contains 
a large oil-drop formed by the fusion of the oil-drops of the original 
cells. 

The most striking examples of schizogenous hollow glands are the 
various kinds of ducts, such as the resin-ducts which permeate the 
tissues of most Coniferm and Anacardiacem ; the gum- or mucilage- 





Fre. 100 (highly magnified ; after Gardiner).—Left-hand figure: transverse section of the 
margin of @ leaf of Saxifraga crustata, showing the chalk-gland ¢, which is continuous at its 
base with « vascular bundle; w water-stoma; b hairs to which the deposit of calcium 
carbonate adheres on the evaporation of the exuded drops of water. Right-hand fignre: 
some of the cells of the gland. = 


ducts of the Marattiacess, some species of Lycopodium, Cycads, 
Canna, Opuntia, etc. ; the gum-resin-ducta of the Umbellifer, and 
of some Araliacess and Composite (Tubuliflore). Here the cells of 
the group ‘formed by a series of divisions (Fig. 102 A E), separate 
from each other so as to leave a passage, of which they form the 
wall, and into which they pour their secreta. 

(c) Sacs, each consisting of a single cell. To this category 
belong the cells which contain crystals, as those in the tissues of 
many Monocotyledons (Fig. 72), in the bast of many dicotyledonous 
trees, in leaves (Fig. 103) and petioles (Fig. 71): the cells which 
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majus), and in the Bananas (Musa) where, however, the latex is 
not milky. 

More commonly, as in the Cichoriew (e.g. Dandelion, Scorzo- 
nera), the Campanulacem, and in most Papaveraces (but not in 
Sanguinaria, Glaucium, and Bocconia, where the latex is contained 
in sacs), the cell-fusions take place in all directions, producing s 
dense network (Fig. 105). 

Structures apparently of the nature of laticiferous vessels occur 
in certain Basidiomycetous Fungi (eg. 
Lactarius). 

e. Laticiferous coenocytes, commonly 
known as “laticiferous cells,” occur in 
some Euphorbiacew (Euphorbies, Hip- 
pomanes), in the Urticacese, Apocy- 
nace, aud Asclepiadacem. As already 
explained (p. 90), these “cells” are 
really coonocytes; they are visible in 
the early stages of the development of 
the embryo, and they grow and branch 
in the tissue as if they were independent 
organisms (Fig. 106). As they extend 
from one end of the plant to the other, 
they attain a very considerable length 
in many cases. Their walls are fre- 
quently thickened (e.g. Euphorbia), but, 
like those of the laticiferous vessels, 
they are not lignified. They contain 
protoplasm with many nuclei, which 
multiply by mitotic division, and in the 

_ older parts latex is abundantly present. 
sideseaa saoetve diated cae The has of the Haghssbtaceer onlain 
of the leaf of@ Euphorbia. (x curious rod-like or dumb-bell-shaped 
120: after Haberlandt.) | i 

starch-grains (Fig. 107). 

Very much elongated structures, somewhat resembling the laticiferous 

coenocytes just described, have been observed in certain plants, but it is a ques- 


tion whether they are cells or ceenocytes. They may contain tannin (e.g. Elder, 
Polygonacew), or latex (Cnicus, Carduus, Arctium). 


f. Epidermal Glands. Whilst all the preceding forms of glan- 
dular tissue are developed in the internal tissues of plants, some- 
what similar glandular structures are developed from the super- 
ficial layer (epidermis), most commonly in the form of hairs(p 64), 
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In the middle of the growing-point is a solid mass of somewhat 
elongated cells (p p) constituting the plerome, and terminating 
in one or more initial cells; on tracing this backwards into the 
older part of the stem it is found to give rise to a single axial 
cylinder of tissue, the stele, in which the vascular tissue is de 
veloped; such a stem is said to be monostelic. In some cases, 
however, more than one plerome-strand is present at the growing- 
point, and the stem consequently contains more than one stele 
(e.g. Gunnera), and is said to be polystelic. 

Between the dermatogen externally and the plerome internally, 
is a layer—less frequently several layers—of cells constituting the 
periblem; the cells of these layers undergo divisions both 
anticlinally and periclinally, so that both the area of each layer 
and the number of the 
layers are increased. 
On tracing the periblem 
backwards into the older 
parts, it is found to be 
continuous with the 
extra-stelar fundamental 
tissue (primary cortex). 

The growing-point of 
the root (Fig. 111) of 
one of these plants es- 





Fro. 110.—Median longitudinal section of the grow. Sentially resembles that 
ing-point of the stem of Hippuris eulgaris. The of the stem in its strac- 
errineyt contin of « malicaled mevnen: ture ; the small-celled 
periblem consisting of the five layers of cellabetween meristem is differenti- 
the plerome and the dermatogen; t rndiment of » ated, at least primarily, 
leat. (After de Bary; x225.) into. dermatogen, ple 
rome, and periblem. But there is this distinctive peculiarity 
about the dermatogen of the root, that its cells undergo division, 
not anticlinally only, as in the stem, but periclinally also, so that 
the epidermis of the root is many-layered (except in Hydrocharis 
and Lemna, where it remains a single layer). This many-layered 
epidermis, however, is gradually exfoliated as the parts grow 
older, and persists only at the apex constituting the root-cap 
(see p. 6). The only other important fact to be noticed at present 
is that the root has only a single stele, that is, it is always mono- 
stelic. 


The foregoing description is applicable to all growing-points with a small- 
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In the collateral bundle, the wood and the bast are so situated 
that they both lie on a straight radial line drawn through thi 
bundle from the centre of the member to the surface, the wooa 
being nearer the centre, and the bast nearer the surface (see 
Fig. 180). This type of bundle is common in the monostelic or 





Fie, 133.—Transverso section of an opon, collateral, conjoint, vascular bundle of the 
atom of Kanunculus repens: s spiral vessel of tho protoxylem at the inner (central) end of 
the wood; m pitted vessel of the wood; ¢ cambium; v a sieve-tube of the bast with 
adjacent granular compuxion-cells; tg sheath of sclerenchymatous conjunctive tissue. 


(After Strasburger : x 190.) 
schizostclic stems and leaf-stalks of Phanerogams and of some 
Pteridophyta (Osmundacer, Ophioglossacee, Equisetum). 

In some stems (e.g. Myrtacew, Onagracee, Apocynacer, Solan- 
acew, most Convolvulacem, Cucurbitaces, etc.) there is a second 
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adventitious member is developed exogenously; when the part is 
older with its tissues more or less differentiated, the adventitious 
member is developed endogeneously, usually from the pericycle, 
but sometimes from still deeper tissues, according to the relative 
age of the part. 

§ 35. The Formation of Secondary Tissue. In addition 
to the formation of primary tissue from the primary meristem of 
the growing-point, as above described, a formation of secondary 
tissue takes place in many plants, which is in most cases associated 
with a growth in thickness and may give rise to secondary stelar 
tissue, or to secondary extra-stclar tissue. 

A. The Normal Formation of Secondary Stelar Tissue in the 
stem takes place in most Gymnosperms and Dicotyledons (as 
also in some Ophioglossacem), and is effected by the continuous 
merismatic activity of the cambium of their open collateral 
bundles. These are 
arranged in a circle 
in a transverse sec- 
tion (Fig. 143 A): the 
commencement of 
growth in thickness 
is preceded by tan- 
gential divisions in 


the conjunctive tissue Fro. 149.—Diagrammatic transverse sections of a 

19 «oh i; normal dicotyledonous stem which grows in thickness. 

(Fig. 139) which lies 7’yer, young: there are five isvlated bundies; mn pith; 

between the bundles; ¢ cortex; b’ primary bast; h’ primary wood; ¢ cambium. 
3 ry pritnary 

this gives rise tocam- 2 After growth in thickness has commenced : M* secon. 


‘ ‘ dary wood; U# secondary bast. 

bium which becomes 

continuous with that of the vascular bundles. A closed hollow 
cylinder is thus formed, which appears, in a transverse section, 
as a ring, the cambium-ring (Fig. 143 Bc) completely separating 
the pith from the cortex: it consists of two portions correspond- 
ing to its mode of origin; fascicular cambium, i.e. the cambium 
belonging to the vascular bundles, and the inter-fascicular cambium, 
t.e. that which is formed between the bundles in the primary 
medullary rays (see Fig. 130). 

A cambium-ring is likewise formed in the root of these planta 
(Fig. 144). The first indication of the formation of a cambium- 
layer is the division of the cells of the conjunctive parenchyma on 
the inner surface of each bast-bundle: then those on the flanks 
of the bast-bundles begin to divide; and thus a number of arcs 
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bat occasionally, especially in soft wood, the walls are reticulately 
thickened. 

The secondary wood-parenchyma consists of oblong cells, which 
are generally so arranged that their long axes are parallel to that 
of the member of which they form part: they ocour in short 
fongitndinal strands, consisting commonly of a single row of cells 
Cig. 148 C), but sometimes, in the middle only, of more than one 





¥ro. 147,—Transverse section of s root of the Yew (Tacus baccata) which has begun to 
grow in thickness: 6 cortex; m inner cortical layer (see p. 166); 6 endodermis; p peri- 
cycle; s protoxylem-group of one of the two confluent primary xylem-bundles; t' tracheids 
of primary wood; f interfascicular conjunctive tissue; t” secondary wood formed from a 
cambinm-layer situated just externally to it; e” secondary bast; ’ primary bast which 
is becoming crashed and disorganised by the cambial development of new tissues; k cells 
of secondary bast, containing crystals; r cells of pericycle containing resin. (After Styas- 
barger; x 42). 








row. They are true cells, containing protoplasm and a nucleus, 
and other substances, such as starch (especially in perennial stems 
and roots in winter), tannin, etc. Their walls are generally 
lignified, but usually not very much thickened, and have circular 
or elliptical simple pits. In many soft fleshy stems and roots 
{e.g. Potato, Radish, Turnip, Beetroot), where this tissue is the 
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[§ 35. 


principal product of the activity of the cambium, the cell-wall 


are not lignified. 

The secondary sclerenchyma consists of elongated pros- 
enchymatous cells, with more or less thickened lignified 
walls marked with narrow oblique bordered pits 
(Fig. 94, p. 184; Fig. 148 A,B). Two forms 
of this tissue are distingnishable: toody fibres 
destitute of protoplasmic contents, which are 
connected by transitional forms with the tracheids 


iy 
aS 

N 
nN 


then LE CGS 





Fre. 148.—Isolated constituents of the secondary wood of the Lime (Tilia 
parvifolia), A and B wood.fibres; C wood-parenchyma; Dand E tracheids; 
F segment of ® wood-vessel (trachea). G isa bast-fibre. (x10; after Stras- 


burger.) 
va 


(sce p. 134): fibrous cells, with protoplasmic cell-contents, 
which are allied to the wood-parenchyma; in fact, one 
fibrous cell corresponds to a row of wood-parenchyma 
cells; the walls of tho fibrous cells sometimes remain 
thin, as in Viscum and some other plants, where they 
replace the wood-parenchyma both structurally and func- 








10 


tionally. Both the woody fibres and the thick-walled fibrous cells 
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ring was found to be 15 mm. in thickness: here the fibres had thinner walls, 
and the vessels, though more uniform in size, were not quite so wide as in the 
narrower ring previously described. 

The annual ring is by no means always of equal thickness all round: it is 
frequently thicker on one side of a stem or of a root than the other, so that the 
general structure is strongly excentric. 


The secondary wood gradually becomes distinguishable into an 
older internal portion, the heart-wood (duramen), and a younger 
outer portion, the sap-wood (alburnum). This arises from the fact 
that, as the wood becomes older, the cells of the wood-parenchyma 
and the fibrous cells die and lose their protoplasmic cell-contents ; 
as a consequence, the heart-wood has less water in its composition 
than the sap-wood. In some cases this change is accompanied by 
a colouration of the cell-walls of the heart-wood, with the result 
that the distinction of duramen and alburnum is most marked 
(e.g. Pine, Larch, Oak) ; it is but rarely that this distinction is not 
observable (¢.g. Buxus, Acer pseudoplatanus and platanoides). 

The structure of the secondary bast essentially resembles that of 
the primary bast. It always consists of sieve-tubes and of paren- 
chyma, and very frequently of thick-walled fibres as well. 

The sieve-tubes of the secondary bast have the compound sieve- 
plates shown in Fig. 98, p. 137; in Dicotyledons they have com- 
panion-cells developed in relation with them. The parenchyma 
very much resembles that of the secondary wood, except that its 
cell-walls are not lignified ; it is abundantly developed in certain 
fleshy roots (e.g. Taraxacum, Rubia, and the Carrot and Parsnip), , 
where it constitutes the chief part of the secondary bast. Prosen- 
chymatons cells with unlignified walls, corresponding to the thin- 
walled fibrous cells of the secondary wood (p. 196), are sometimes 
present. The bast-fibres closely resemble the woody fibres, but 
their walls are not lignified (Fig. 148 @). 

In many cases the secondary bast contains no bast-fibres (e.g. 
Abietinew, Fagus, Betula, Alnus, Platanus, Cornus, Ephedra, etc.). 
When, as is usually the case, bast-fibres are present, their arrange- 
ment presents considerable variety : there may be alternating tan- 
gential layers of fibres (hard bast) and of sieve-tubes and paren- 
chyma (soft bast), as in the case of the Cupressines and some 
Taxoidem, and, though with less regularity, in many Dicotyledons 
(e.g. Vitis, Spirwa, species of Acer, Tilia, species of Salix, etc.) ; 
more commonly the tangential layers of fibres are interrupted here 
and there by soft bast (e.g. Quercus, Corylus, Carpinus, Pyrus, 
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centre to the periphery of the member (Fig. 149); their more or 
less thickened walls are lignified (p. 132), and they have proto- 
plasmic contents. Occasionally, however, some of the cells of a 
ray lose their protoplasmic contents and constitute tracheids (¢.g. 
Abietinex, Fig. 149 g q); in some few cases the ray consists of 
long fibrous cells, in place of parenchyma (e.g. shrubby Begonias). 

The medullary ray is, then, a strand of cells passing radially 
among the longitudinally arranged tissues of the wood and of the 
bast (Fig. 149). Its size varies, even in the same member, both 
as regards its vertical (height) and its lateral (breadth) dimen- 
sions. With regard to the former, the ray may consist of only a 
single row of cells (as in Abietiness, Quercus, Fagus); the limits 
may be generally stated at 1-12 rows of cells, though in some 
cases they are considerably larger than this when they include 
resin-ducts (e.g. Abietines) or other forms of secretory tissue. In 
any case, the secondary medullary 
rays, unlike the primary, do not ex- 
tend throughout the whole length of 
an internode. The breadth of the 
secondary medullary rays is never 
nearly so great as their height: as 
seen in tangential longitudinal sec- 
tion, they are narrow above and below _Fi@. 152.—Disgrammatio repre- 

. 3 are sentation of the course of the 
and broader in the middle; it is only meautiary rays in @ segment cut 
in the middle that they ever consist out of the wood of s tree-trunk. 

- @ Horizontal surface; R Radial 
of more than one row of cells in  guriace; T Tangential (external) 
breadth, the upper and lower margins surface of the wood; the shaded 
consisting of a single row only. With  Portion¢ mare the medullary rays, 
regard to their radial extent, it is only the primary medullary 
rays which extend from pith to pericycle; the subsequently formed 
rays (secondary, tertiary, etc.) extend between the wood and the 
bast of the year in which they were formed. 

As instances of especially large secondary medullary rays should 
be mentioned those formed in roots (seo Fig. 146, p.194) where the 
cambium forms only conjunctive tissue opposite the primary 
xylem-bundles. 

In some few stems the formation of secondary conjunctive tissue 
is especially connected with the primary medullary rays (e.g. 
Cuenrbitacee, Menispermacer, woody Piperaces, Aristolochia, 
Casuarina, Atragene, Begonia, Berberis, etc., sce p.193). In these 
plants the formation of secondary vascular tissue is confined to the 
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subsequent growth in thickness is effected by successive secondary cambium- 
rings developing rings of secondary vascular bundles; these secondary cam- 
bium-rings may be developed :—(a) in the pericycle; stem of Chenopodiacem, 
Amarantacem, Phytolacca, Nyctaginacem, and of some Gnetums, Cycas, and 
Encephalartos among Gymnosperms: (b) in the primary cortex; stems of 
some Menispermaces (¢.9. Cocculus laurifolius, Cissampelos Pureira): (c) in 
the secondary bast; stem of Glycine (Wistaria): (d) in the secondary wood ; 
twining stems of Baubinia, and some Bignoniacew and Malpighiacem: (e) in 
the secondary cortex (phelloderm), derived from the pericycle; root of Cheno- 
podiaces, Amarantacem, Nyctaginaces. In some cases, however (e.g. roots of 
many Convolvulacer), secondary cambium-layers are formed in the secondary 
eortex (phelloderm), whilst the primary cambium-layer still remains active. 

4. The cambium-layer is normal, but it does not produce equal amounts of 
wood, or of bast, or of both wood and bast, at all points of its circumference, 
as is normally the case, with the result that the cambium-layer is not a circle 
im transverse section, but is very irregular and undulated in form, the wood 
and the bast dovetailing into one another, as it were, by their respective 
projecting thicker portions. (a) The development of bast is uniform, that of 
the wood uneven; stems of various species of Cissus, Piper, Bauhinia 
(Gaulotretus heterophyllus); root of Ononis spinosa; (b) the development of 
neither wood nor bast is uniform, but at the points at which the development of 
the bast is less active, that of the wood is more active; twining stems of many 
Bignoniacem (Bignonia, Callichlamys), of Phytocrene (Olacines), and of some 
Malpighiace» (Banisteria, Tetrapterys), Apocynaces (Condylocarpon, Echites). 

An interesting modification of this peculiar mode of development occurs in 
the stem of species of Strychnos; at certain regions the cambium-layer pro- 
duces thick masses of secondary bast which project into the wood; after a 
time the cambium of these regions ceases to act, whilst a new segment of 
secondary cambium is formed in the pericycle across the projecting masses of 
bast at the level of the rest of the cambium-layer; thus the cambium-ring is 
reconstructed, forming wood centrally and bast peripherally, with the result 
that the masses of bast mentioned above become covered peripherally by 
a layer of wood, constituting in fact isolated groups of bast, termed Phloem- 
islands, surrounded by wood. 

5. There is no primary cambium-layer, the bundles being all closed ; second- 
ary growth in thickness is effected by a ring of meristem quite external to 
the primary bundles; this occurs in the stems and roots of Monocotyledons 
(arborescent Liliacew, such as Yucca and Dracena; and some shrubby Iridacem, 
such as Aristea); the ring of meristem is usually developed in the pericycle, 
but in the roots of Dracena it is formed partly from the pericycle and partly 
from the cortex. This meristem-ring is not termed a cambium-ring, because 
it does not form wood on one side, and bast on the other, but it forms, centri- 
fugally, entire closed concentric (with external wood) bundles, together with 
intervening fundamental tissue. 

6. There is no proper cambium-layer, but the primary bundles are invested 
by a pericyclic meristem-ring, which gives rise externally to a considerable 
amount of parenchymatous secondary cortex, and internally to a small amount 
of vascular tissue: stem of Isoetes. 
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surface of a tree increases in consequence of repeated branching, 
so does the annual ring of secondary vascular tissue become larger 
in circumference and possibly also of greater thickness; when, 
however, the tree begins to grow old, and its branches, instead of 
increasing in number, begin to die off, then the annual growth in 
thickness becomes arrested. Some further explanation of this is 
given in Part IV, (p. 683). 

B. The formation of Secondary Eztra-stelar Tissue. It is clear 
that the more or less considerable development of secondary stelar 
tissue in the interior of a young stem or root, must have a very 
considerable effect on the primary extra-stelar ground-tissue‘(cor- 
tex), and on the primary tegumentary tissue. This effect will be 
one of pressure and tension; the radial growth of the stelar tissue 
will exert a radial pressure upon the external tissues, while the tan- 
gential growth of the stelar tissue will exert a tangential tension 
on the external tissues (see p. 202). The radial pressure of so firm 
a structure as is usually that of the secondary vascular tissue tends 
to cause more or less rapid obliteration of the softer cortical tissue ; 
whilst the tangential tension stretches the cortical cells and tends 
to cause them to grow tangentially, and to multiply by radial 
division. According to the predominance of the radial pressure 
or of the tangential tension, the primary cortex is either rapidly 
destroyed, or it persists for a very considerable period. 

It should, however, be pointed out that the development of 
secondary extra-stelar tissue does sometimes occur in members in 
which no development of secondary stelar tissue takes place, as in 
the roots of some Pteridophyta (Marattiacess, some Ophioglossacee), 
and of some Monocotyledons (aerial roots of Philodendron, etc.; 
terrestrial roots of Iris, etc.). 

It may be stated generally that the epidermis and the primary 
cortical tissue of herbaceous dicotyledonous stems keep pace by. 
growth with the formation of new stelar tissue in the interior. 
This is true also of most woody shoots during the first year of 
their growth and in certain cases (e.g. Mistletoe, Holly, Acer 
striatum, etc.), of woody shoots during their entire existence; in 
some cases (e.g. Euonymus) the epidermis persists and grows for 
several years, but is at length disorganised. These primary tissues 
persist also in some roots (e.g. Vicia Faba, Alchemilla vulgaris, 
Gaillardia aristata) in which the development of secondary vas- 
cular tissue is not very active. The cxtension of the tissues is 
effected by tangential growth and radial division of the cells. 
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The leaves vary in form. In some cases (e.g. Caulerpa, Fig. 
162; Sargassum) they resemble the foliageleaves of the higher 





Fra. 160.—Growing-points of Algw. 4 apical growing-point, with apical oell, of 
Stypocaulon scoparium (x80). B intercalary trichothallic growing-point (where the 
transverse lines are close together) of Desmarestia liguiata in longitadinal section (x 60). 
C apical growing-point, with apical cell, of Chatopteris plumosa (x 40) (after Falkenberg) 


plants; in others, (6.9. Cladostephus, Chara) they resemble the 
stem and its branches, but are distinguished by their limited 





Fra, 161.—Polysiphonia (Herposiphonia) (after 
Naegeli). The dorsiventral horizontal stem 
bears tho leaves (f) on the dorsal surface; the 
Foot-hairs (r) on the ventral surfaco; and the 
branches (ab ¢) on the flanks, 


growth ; in others again (e.4. 
Polysiphonia and other Rho- 
dophycem, Fig. 161), ther 
are filamentous and hair-like. 
The morphology of the 
reproductive organs is dis- 
cussed in connexion with the 
processes of reproduction. 
The Reproduction of the 
Algee is effected in various 
ways. Vegetative multipli- 
cation takes place in the’ 
unicellular forms (e.g. Cyano- 
phycer, Protococcoides, Des- 
midiew, etc.) by cell-division, 
in some of the higher forms 
(eg. Sphacelaria, Chara, 
Melobesia) by means of mul- 
ticellular gemme (see p. 68). 
Non-motile cella, with a cell- 
wall, which are probably 
gemme, are thrown off by 
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Pie, 191.—A Bight obapheres extruded from the oogoniam, surrounded by the inner layer 
ef the collwall; # contents of an antheridiam set free, surrounded by a tayor of the cell- 
‘Wall: Casthoridium: D section of contents of an cogonium showing the divisions accom- 
ane 2 arg of the ooepheres: E ooapbores get free in consequence of the 
Sema ‘the layer of cell-wall anatolid which they were enrrounded when fret extruded: ¥ 
rramtozolde. A-F Pures platycorpusy Gi, 
¥, cletnean (Cant G » aie sais other figs, x 20): after Strasburger,) 
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while the internal portion, after rapid mitotic nuclear division, 
separates into cells each of which secretes a proper wall and be- 
comes a spore. In most forms a portion of the internal protoplasm 
goes to form a nomber of filaments, generally tubular, either free 
or connected into a net-work, which constitute the capillitium, 
The wall dries, and eventually ruptures, and the spores are 
scattered by the expansion and hygroscopic movements of the 
elastic capillitium. In many cases the sporanginm has a stalk, 





10, 194,—A Part of a plasmodium of Didymium leucopus (« 300), B A closed spornngiau 
‘of Arcyria incaraata, CO The samo after the rupyure of its wall (p) and expansion of the 
csplllitiam ep (x 20). (After Sachs.) 


(sporophore) which is sometimes continued into the cavity of the 
sporangium as a columella, 

In the Exosporem the spores are not formed in the interior of 
@ sporangium, but by abstriction from the ends of filaments de. 
veloped from the sarface of the sporophore. 

In some forms (v.g. Fuligo varians) a vompound sporangiom i 
formed, termed Jdthaliam, by the combination of a number of 
plasmodia, 
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ned a uredogonidium, of an orange colour, is formed by abstriction 
'; in consequence of the great development of cells at these points 
of the host is ruptured, and the groups of uredogonidis are visible 
‘as rusty spots. These uredogonidia are scattered by the wind, and 
rass-plants; on reaching 2 leaf, the uredogonidium germinates at 
ahypha which enters through a stoma into the interior of the 
developes into a mycelium bearing uredogonidia, This stage in 
y is termed the Uredo-form. 
te season, when the tissues of the hosts are becoming hard and 
o-form no longer produces uredogonidia, but dark-coloured often 
nidia, known as teleu- 
.214, II), developed in 
‘as the uredogonidia. 
onidia remain quies- 
the winter. When 
ite in the following 
or both of the cells 
a small, free, non- 
elinm (promycelium), 
the cells of which a 
liophore is produced, 
pes a small gonidium 
ridium) by abstriction 
‘ig. 215). 
ia are scattered by the 
they fall on the leaves 
erry they germinate, 
to a hypha which 
pidermis of the leaf, 
ms a dense mycelium 
rellular spaces of the 
At certain points the 
leaf is hypertrophied, 
aions, which project 
g surface. Towards Fig, 215.—Germination of telentogonidia of 
irface of the cushion various Uredinem: A of Puccinia Graminis (x 
ned on the mycelium 400); B ¢ ipotecavaity peal ib eae 
icles, the spermogonia SPOrinm (x 290); & Tele! 5 
wench of which con, “ZOOS ep aporiaia 
er of unseptate hyphe, radiating from the wall towards the centre, 
med sterigmata ; each of these produces at its apex by abstriction 
the spermatium, which escapes from the spermogonium; spermo- 
med, though less frequently, on the under surface. Large spherical 
e formed on the under surface of the cushion (Fig. 214); these are 
This form of the fungus is known as Zicidium Berberidis. Each 
sists of a hymenial layer of simple unseptate sporophores at its 
\e apices of which a number of spores (ecidiospores) are formed by 
wstriction; the ecidium has a definite wall which ruptures at the 
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=} 0 stipe; it bears on its under surface (rarely on its upper surface) a lamellated 
‘kymanophore (see Fig. 219); the gonidiophore may be gymnocarpous; or 
j. hemiangiocarpous having a velum partiale (e.g. Cortinarius where the velum 
i like a spider's web ; the sub-genus Paalliota of the genus Agaricus, including 
4. campestris, the common Mushroom, etc.); or angiocarpous, having a velum 
smtversale (e.g. the sub-genera Volvaria, Lepiota, and Amanita of the genus 
rs Agaricus; Nyctalis, Coprinus, eto.) ; in some species of Amanita there is both 

" @welum universale and a velum partiale. 

"The great genus Agarious is subdivided into a number of sub-genera belong- 
ing to various groups distinguished by the colour of their basidiogonidia. 
Amongst the other genera Coprinus has a gonidiophore which very soon under- 
fee disintegration, forming a black shiny fluid; Lactarius contains milky 
juice (latex). In Cantharellus the lamella are prolonged down the stipe. Of 
@dible species the fol- 
lowing may be named: 
Cantharellus cibarius, 
Lactarius deliciosus, 

Agaricus campestris, the 
Mushroom, 4. procerus 
istinguished by a mov- 
@ble ring, and A. cesa- 
Tews: the poisonous 
“pecies are Lactarius 
lorminosus and Agaricus 

(dmanita) muscarius. 
Whilst the compound 
gonidiophore is generally 
deshy, in some genera it 
is of a hard or leathery 
consistence; these live Fa, 223.—A Section of young compound gonidiophore of 
commonly on old wood; deerions (Amant) wovinat : s the solani airereale 

3 ‘ : ileus ; mela: 
such are Panus, with & Somewhat elder; the volum » ie raptured, C-agericut 
mmall pileus mountedon — metisus: m the mycelium (Rhizomorpha); in the smaller 
an eccentric stipe; Len- specimen to the right the hymenophore is still covered 
sites, where the pilens by the velum partiale a; in the larger specimen the velum 
is lateral and sessile; 1 *'most completely ruptured, and remains attached to the 
ins, the elegant stipe as the ring, a. (} nat, size.) 

pilei of which are often seen on the leaves of Conifers which have fallen off. 

Order 2. Gasteromycetes. Angiocarpous ; the hymenium is either not ex- 
posed at all, or only after the basidiogonidia are mature, by the dehiscence or 
rupture of the peridium, The number of gonidia borne by a basidium varies 
from 1-8; the sterigmata are apical, except in the genus Tulostoma, where they 
are lateral. The hymenophore is here a more ér less distinct organ, and is 
termed the gleba. 

Fam. 1. Hymenogastree. The compound gonidiophore is subterranean. It 
consists of a thick indehiscent peridium, filled with a spongy persistent gleba, 
the chambers of which are lined by the hymenium (Fig. 221 4). 

Principal genera: Hymenogaster, Octaviana, Rhizopogon, Melanogaster, 
Hysterangium, Hydnangium. 


B 
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Pie, 28,—A A frutloose Lichen, Umea bartata, with npothocio, a, B A foliacecous 
TAeben, Sticta puimonaces, with apothectn, a (nat. size). (After Sachs.) 


rufus is common on 
andy soil: the Verrucariew, the 
Portusariew, ete. 

Many species of craataceous 
Dichens inhabit the highest 
peaks of the Alps, and othor 
Softy mountains, on which there 
ja wo other vegetation, and they 
contribute materially to the wea- 
Geering of the rocks anid to the 
formation of a vegetable soil. 
‘When they grow on the tranks of 
trees, they occur more especially 
4zpon those which have a smooth 
wurface ; the formation of a rough 
ark scoms to interfere with their 
growth, Lichens may become 


‘completely dried up without los- 
ding their vitality. : Pro. 231.—Crastaceous Tichona, 4 and 0 
: Graphis elegona: II slightly maguitiod. C Per 
tusaria Welford, slightly magnified (After 

Bachs,) 
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constitute the neck-canal-cells. At maturity the ter- 
lid-cells, of the neck separate; the neck-canal-cells 
val canal-cell become mucilaginous and disorganised, 
osphere is placed in communication with the exterior 

of the neck. Fertilisation takes place when the 
ore or less covered with water from rain or dew. 
heridia dehisce, the spermatozoids are set free, and, 
le and female organs are at no great distance, they, 











the Fig. 235.—Marchantia polymorpha. A Young; B mature, but 

thich unfertilised, archegonium. C Fertilised archegonium, with 
dividing oospore. k’ Neck-canal-cells; k” ventral canal-cell ; 
© oosphero; pr perigyniam. (x 640: after Strasburger.) 


1 fusing with that of the oosphere. Fertilisation is 
e; the fertilised oosphere surrounds itself with a cell- 
2comes the oospore, which begins to divide and to 
> the sporophyte. 

of fertilisation is not confined to the oosphere. Tho 
sue of the shoot is stimulated to growth, and in some 
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forms (Sphagnacem, Andreseacem) it grows out into a long leafen 
stalk, the pseudopodium, which carries up the fertilised arb 
gonium on its apex. The venter of tho archegonium also grom, 
forming, either by itself or together with the adjacent tissed 
the shoot (as commonly in the Hepaticm), an investment, term 
the calyptra, which surrounds the developing embryo within and, 





section of the aummit of a 
female plant (x 100); a urchegonia; 
» An archegoninm (x 550) : 
b ventral portion with the oosphere; h 
neck; 1m mouth atill closed; the cells of 
the axile row are U 
verted inte musi € Tho part near 
the mouth of tl of a Tertlised 
archegonium with dark red cell-walls. 
(After Sachs.) 










for a longer or shorter time, keeps 
pace with its growth. 

The gametophyte, though it a» 
not produce gonidia, has a rt 
markable power, especially in the 
Musci, of reproducing itself vegew- 
tively. This is effected frequent! 
by the gemme, formed from 
rious parts of the body: th 
leaves, for instance, in the foliose 
Hepatice; or in distinct recep 
tacles termed cupules, as in the 
Marchanticw and some Musi 
The gemmm are either unicellulsr 
or multicellular, and, in the latter 
case, may be either spherical ut 
flattened in form. In the branched 
forms vegetative propagation is 
effected by the dying away of 
the main shoot or of the larger 
branches, the smaller branches 
becoming isolated and constitut- 
ing independent plants. In the 
Musci almost any part is capable. 
under favourable conditions, of 
growing ont into protonemal fils- 
ments on which new adult shoots 
are developed. 

With regard to the histology of 
the adult shoot, it need only be 
pointed out that rudimentary vat 
cular tissue, absent in the Heps- 
tice, is to be found in the stems 


and the midribs of the leaves of many Musci; and, farther, that the 
epidermis is not clearly differentiated as a tissue-system, and is 
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species of Pottia and Encalypta, Seligeria Doniana, Orthotrichum gymnestom 
etc.) belonging to genera in which a peristome is usually present. 

As the capsule matures, the cells (except the spores) lose their cell-coutes 
and those whose walls have not become thickened and cuticularised, dry up! 
shrink, the shrinkage being necessarily accompanied by the tearing of the! 
walls in various parts, The persistent cuticularised walls are highly by 
scopic, and it is in consequence of the tensions set up by the unequal stretd 
and contraction of these walls, due to variations in their moisture, that the q 
ting off of the operculum is effected 


a? 





s af 
Fre, 58.—Sporogonium of Funaria hygrometrica. A, s seta; b capente; o calyptrs( 
B Bection of a half-developed capsule (x 10): ¢ columella; sarchesporiam; | aires 
@ sub-opercular tissue; pperistome. C Apical portion of the same capsule (x 40); & 
culum; id sub-opercular tissue; ap outer peristome; ip inner peristome; r ring; | 


‘space; o columella; s spore-sac. 
The Stegocarps are classified as follows: 
Sub-tribe ACROCARP# : archegonia terminal on the main shoots; bat 

sporogonia are sometimes apparently lateral in consequence of the growt 

lateral branches (innovations) which force the apex of the main shoot to 
aide. The following are the principal families and genera :— 
Fam. 1, Weisiacee: Hymenostomum, Gymnostomum, Weisia. 

Dicranacee: Dicranum, Dicranella. 

Leucobryacee : Leucobryum. 

4, Fissidentacee : Fissidens. 

» 5, Seligeriacee : Seligeria—small mosses growing only on rocks. 

6. Pottiacee: Pottia, Tortula, Barbula, Trichostomum, Ceratodos 

» 7. Grimmiacea: Grimmia, Racomitriam, Hedwigium. 

» 8 Orthotrichacea : Orthotrichum, Zygodon. 

» 9. Encalyptacee: Encalypta. 

» 10. Georgiacee: Georgia (Tetraphie), Tetrodontium. 

» 11. Schistostegacee : Schistostege. 

» 12. Splachnacee : Dissodon, Tayloria, Splachnum, 

» 13. Funariacee: Physcomitrium, Funaria. 

» 14. Mniacee: Mnium, Meesia, Aulacomnium, 

» 15. Bryacee: Bryum, Webera. 

» 16, Polytrichacee: Atrichum, Polytrichum, Pogonatum 

» 17. Buzbaumiacee: Buxbaumia. 
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Sub-Tribe PLEVROCARPH: Archegonia (and subsequently the sporogonia) 
Dorne terminally on short lateral branches. The following are the principal 
families und genera :— 


The following are among the more familiar species of acrocarpous Moases :— 

Dicranum scoparium, with sickle-shaped leaves, i# cotamon in woods. Leuco- 
Srywm glaueum has leaves consisting of several layers of cells, which rosemble 
those of Sphagnum in their structure; it ocours in 
Pine-woods and on moors. Ceratodon purpureus, 
with a red seta and a short stem, is very common 
in yarions localities. Barbula muralis grows in 
Patches on walls and rocks; the midrib of the 
leaves is prolonged into a hair, so that the patebes 
of Moss look greyish. Tetraphia pellucida has bright 
green leaves; it grows on decayed treo-tranks, and 
bears gemme of peculiar form. Grimmia pulvinata 
occurs on walls and stones in round greyish-green 
patches ; the capsules have very short setm. Ortha- 
frichum affine and other species have also sbortly- 
stalked eapsules, and are common on trees. Funa- 
ela hygremetrica (Pigs. 251-8) has an oblique, pear- 
shaped capsule; the long setw have the peculiarity 
of contracting into a spiral on being wetted and 
dried ; it is common on walls and paths. Poly- 
Gichwa formosum (Fig, 254) and other species are 
‘the largest of our indigenous acrocarpous Mosses; 
they have large dark green leaves and long hairy 
ealyptre, and are common in woods and on heaths. 

The following are among the more familiar specios 
of pleurocarpous Mosses :— 

FPontinalis antipyretica fonts in water, Neckera 
criepa, with flat outupreading leaves, grows on rocks. 
Thuidiue abietinnm and other species grow on 
banks and in woods; they have regniar, pinnately As 
tinnched stems, and very small, closcly-sot loaves. p.iyirisnaa formoem bone 
Leucodom seturcides is common on tree-trunks, ing sporogonim (nat, aizo). 
Brachythecium rutabulum is common in woods, * The capsule; « the seta; 
Furhynchium prelongum, with long crooping stems, ° °YPt® 
Seours im woods and damp gardens. Hypnum cupressiforme is very common 
on tree-trinks, and H. cuspidatum and giganteum in boge and ditches. Hylo- 
‘conlum triquetrum is very commonly used for garlands; this and H. splendens, 
with remarkably regular ramification, are bo}h common in woods, 


ee 
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GROUP IIL 
PTERIDOPHYTA (Vascular Cryptogams). 


The distinguishing characteristics of tho plants forming this 
group are the following :—The life-history presents a well-marked 
alternation of generations, as in the Bryophyta; but here it is the 
sporophyte which is the more conspicuous form, constitating *tk 
plant.” The sporophyte becomes quite distinct from the gamet- 
phyte at an early period: it is differentiated (with but few 
exceptions) into root, stem, and leaf; and in all cases it contains 
well-developed vascular tissue. The gametophyte, generally 
termed the prothallium, is a relatively small thalloid body, usually 
short-lived, containing no trace of vascular tissue. 

The group includes the three classes, Filicins, Equisetine. 
Lycopodine. 

The Sporornyre is developed from the oospore: its embryogeay 
is direct and holoblastic. The oospore undergoes division, in all 
cases, into an epibasal and a hypobasal half, by a basal wall which 
is either more or less nearly parallel to the long axis of the 
archegoninm (Leptosporangiate Filicine) or more or Jess nearly 
transverse to it: the epibasal half usually faces the neck of the 
archegonium, but in the Lycopoding the hypobasal half occupies 
this position. In the Filicine and Equiseting, the formation of 
the basal wall is followed by the formation of another wall at 
right angles to it (yuadrant-wall) so that the embryo now consists 
of four cells which are qnadrants of a sphere, and this is followed 
by ‘the formation of a third wall (oclant-zall), at right angles to 
both the preceding, so that the embryo now consists of eight 
cells which are octants of a sphere. In the Lycopodine the 
segmentation leading to the formation of quadrants and octants is 
confined to the cpibasal half, the hypobasal half remaining un- 
divided or undergoing a few irregular divisions. From the ' 
epibasal half, the primary stem and one or two primary leaves — 
(cotyledons) are developed in all cases. The hypobasal half 
gives rise, in the Filicinw and Equiseting, to the primary reot 
and to the foot, with but few exceptions (eg. Salvinia in which 
there is no primary root): in the Lycopodingw the hypobasal half 
gives rise to a suspensur, an organ homologous with the foot of the 
Bryophyta. 

The soot (as also the suspensor: see p. 14) is an embryonic 
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Section Eusporangiatee. Each sporangium is developed from 
‘™@ group of superficial cells. 


Order 1. Ophioglossacew. Order 2. Marattiacee. 


Section Leptosporangiates. Each sporangium is developed 
from a single superficial cell. (Filices in limited sense). 


Order 1. Osmundacee. Order 4. Polypodiacea. 
» 2. Schizeacee. » 5. Cyatheacea. 
n 3. Gleicheniacen. » 6. Hymenophyllaces. 


Sub-Class Hererosrorez. The sporophyte produces micro- 
spores and macrospores ; the former give rise to male, the latter 
to female, prothallia ; the prothallia do not become free from the 
spore. 


Section Eusporangiate. Each sporangium is developed from 
@ group of superficial cells. 


Order 1. Isoetacea. 


Section Leptosporangiates. Each sporangium is developed 
from a single superficial cell. (Rhizocarps or Hydropterides). 


Order 1. Salciniacee. Order 2. Marsileacew. 


Class VI. EQUISETINA. The sporophyte is characterised by 
the well-developed branched stem, with small whorled leaves 
forming a sheath at each node; the small peltate sporophylls are 
aggregated into a cone-like flower at the apex of each fertile shoot, 
and bear a few sporangia on the inner (inferior) surface; the 
archesporium is @ single cell; the embryo has a primary root 
and no suspensor. All the existing forms are homosporous and 
eusporangiate. 

The gametophyte is a free, green, membranous prothallium, 
generally diwcious; the spermatozoids are multiciliate. 


Order 1. Equisetacea. 


Class VIF. LYCOPODINA. The sporophyte is characterised 
by the well-developed branched stem with numerous small scattered 
leaves; the sporangia are borne singly either on the upper surface 
of a sporophyll, or on the stem; the sporophylls resemble the 
foliage-leaves, but are sometimes aggregated into cone-like flowers: 
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the archesporinm is multicellular; the embryo has a suspensor, 
but no primary root. All the existing forms are eusporangiate. 
The characters of the gametophyte vary widely. The sperma- 
tozoids are biciliate. 
Sub-Class Homosrorr#£: the sporophyte produces spores of one 
kind only; the prothallia are free, more or less tuberous, mon- 
cecious. 


Order 1. Lycopodiacee. Order 2. Psilotacee. 


Sub-Class Heterosrorez: the sporophyte produces microspores 
and macrospores; the former gives rise to male, the latter to 
female, prothallia; the prothallium does not become free from the 
spore. 

Order 1. Selagtnellacec. 


The relations of these various groups may be simply expressed 
as follows :— 


Fiucisz. Equisetina. Lrcoroprxz. 
Homosporous — Filices = = =e F 
Heterosporous— Hydropteridesw — - —J  sporesgion 


_SOphioglossacee | _ inet a { Brsepediscnn 
Acne A stescteesoe Bales Psilotaces: } —Busporangiale. 
Heterosporous— Isoetacew —(none existing)— Selaginellacess 
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The archegonia are exposed, for the purpose of fertilisation, by the spits’ 
of the coats of the macrospore along the three ridges already describe: te 
prothalliam does not, however, project from the spore, nor does it hem 
green. After fertilisation, the oospore developes into the embryo as daaktd 
above: the foot of the embryo grows down into the large cells of the baal js 
tion of the prothallium, absorbs the nutritive substances which were mal 
up in them, and thus supplies the embryo with food until such time as itslaw 
and roots are sufficiently developed to enable it to nourish itself in thewal 
way. 


C. HOMOSPOROUS LEPTOSPORANGIATZ (Filices). 


The orders constituting this group have so much in comme 
that they may be advantageously considered all together. 

Svoropuyre. The body is differentiated into stem, leaf, and rot 
(generally) : the leaves are large in proportion to the stem, and are 
relatively few in number. 

The stem has either radial or dorsiventral symmetry. In the 
former case it is commonly short and straight ; it grows into the air 
erect, or at any degree between the vertical and the horizontal; 
its surface is generally completely covered by the insertions of the 
spirally arranged leaves, and by adventitious roots: it becomes, 
however, elongated, to a considerable height sometimes, in the 
Tree-Ferns. 

In the latter case, the stem grows as a rhizome either on or in 
the soil, or on the surface of some tree upon which the plant lives 
as an epiphyte: the leaves are borne on its dorsal surface, either 
in two rows (eg. species of Aneimia and Polypodium), or in a 
single row (e.g. Lygodium palmatum, Polypodium Heracleum and 
P. quercifolium): from the lower (ventral) surface, spring the 
adventitious roots. 

The growth in length of the stem, is effected by a growing-point 
with a single apical cell (with the occasional exception of 
Osmunda): the apical cell is, as a rule, a three-sided pyramid 
with its spherical base at the surfaco: but in Pteris aquilina it 
is usually a two-sided lenticular cell, with its longer axis in the 
dorso-ventral plane. 

The radial stems branch but little, least of all when the stem 
is elongated, as in the Tree-Ferns ; and such branching as there 
is appears to be mainly adventitious, the buds springing from the 
bases of the leaves. In the dorsiventral stems there is normal 
lateral branching, which takes place in the transverse plane: the 
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hes are borne on the flanks of the stem, and are frequently 
. some Hymenophyllacee) axillary in their origin. 

‘The leaves are for the most part foliage-leaves, though scaly 

ves are found on the subterranean rhizomes of Onoclea Stru- 

“Shiopteris and Osmunda regalis, and in some cases the sporophylls 
=:Neze more or less differentiated from the sterile leaves. 

The foliage-leaves are relatively large, sometimes entire (e.g. 

~ Scolopendrium), but generally more or less deeply and repeatedly 





¥14. 257.—Sori (s) of the most important groups of Leptosporangiate Ferns, all seen from 
below. A Pinna of Trichomanss sinuosum, one of the Hymenophyllacew: r projecting 
placenta; s sporangia; ¢indasium; at a half of the indusium is removed. B Pinna of 
Davallia (Lencostegis)—at s the one-valved indusium ({)is turned back. C Partof aleaf of 
Pteris serrulata: » the’sporungia ; mthe inverted margin. D Lacinia of Nephrodium—at 
the indusinm is removed, and at r the sporangia also. E Lacinia of an Asplenium—at 
@ the indusinm is turned back. F Pinna of Polypodium vulgare with naked sori—at r the 
‘sporangia are removed. (All are x 3 to 6.) 


pinnately lobed or branched; sometimes dichotomously branched 
(e.g. Platycerium, species of Schizwa). 

The leaves in all cases have apical growth ; the growing-point 
has, in most of the orders, a two-sided apical cell, whilst in the 
Osmundacew the apical cell is tetrahedral. In Lygodium, where 
the leaf is a climbing organ, the apical growth is long continued. 





— 


GROUP I,—PTERIDOPHYTA; FILICINA; LEvTOSPoRANGAT2, 403 


The atchegonium. The general description given above (p. 377) 
of the development and structuro of the archogonium, and of the 
process of fertilisation, will suffice for this group of the Pterido- 
phyta. It should, however, be mentioned that only a single neck- 
canal-cell is developed. 

The root-hairs retain in all cases their typical unicellular 
structure. They arise as tubular outgrowths from single cells, 
having, at first, colourless walls, which eventually become 
thickened, and assume a brown colour; the cavity of the hair is 
out off by a septum from that of the cell from which it springs; 
their form is most commonly elongated and cylindrical, but some- 
times (e.g. Hymenophyllacew) they are short and slightly branched. 
The development of the root-hairs begins at the earliest stage in 
the formation of the prothallium, Generally speaking, the root~ 
Aairs are developed laterally, and as the prothalliam assumes the 
flattened expanded form, the development extends inwards from 
the margin, over the inforior surface, and forwards as far as the 
posterior part of the cushion; but in Osmunda, they are chiefly 
developed along the middle line of the midrib, between the two 
lateral rows of archegonia, and in Hymenophyllam they are 

in isolated groups near the edge. 

The life of the gametophyte is, as a rule, short, being limited 
by the fertilisation of an archegonium. If, however, fertilisation 
does not take place, the prothallium continues to grow for several 
‘months, or even years in the case of Osmunda. 

The gametophyte, in many instances, produces its like; either 
‘by means of adventitious branches, which become isolated and 
then develope into prothallia; or, by means of gemmm, which are 
éhrown off and form prothallia, Propagation by means of 
adventitions branches has been occasionally observed in various 
Polypodiacew and Cyatheacem, more especially in prothallia 
which have remained exclusively male; in Gleicheniacem, 
Osmandaces, and Schizwacew (Aneimia, Mobhria), the formation 
of these branches is the rule; it is common in Hymenophyllum. 
Tn Ancimia and Mobria alone, the adventitious branches spring 
from the the cushion; in the other cases the branches are 
generally developed euch from a single marginal cell of the pro- 
thallinm. It has been ascertained in certain cases (6g. Cyathea, 
some Polypodiacem, Ancimia) that the prothallia developed by 
means of these adventitious branches are exclusively male. The 
development of these branches may, it appears, be induced by 
injury to the prothallium. 
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indostum present or absent. Almost all our native Ferns belong to this order, 

which is exceptionally rich in genera. 

a eee eee mt ER SENSED, CNA SN PRE 
‘sorus. 

(a) Davaltiee. Sorus marginal, or nearly so; inferior indusiom onp-shaped 
in Endavallia, or one-valved as in Lencostegia, eto, (Fig. 257 8). Includes the 
large genus Davallia: no European species, 

(0) Pteridee. Sori coalescent along tho margin of tho leaf (Fig. 257 C), with 
® sporious indusium. Pteris (Pteridium) aquilina, the Bracken, has o stem 
which grows at some depth below the surface of the soil, and throws up every your 
8 single large, much-segmented leaf (frond) : it has also a trae lateral indusinm. 
Adiantum, the Maiden-bair Fern, belongs to this group, as also Cheilanthes, 

(e) Aspteniee. The soras, which is situated on the under surface of the leaf, 
is elongated or linenr, and the lateral indusium springs from the vein to which it 
is attached (Fig. 257 EZ). Asplenium Ruta muraria, the Wall-Rus, is not uncom- 
mon on walls and rocks; 4. Trichomanes is nlao abundant, with simple pinnate 
Yeayos and s sbining black rhachis, Athyriwn Filix fimina, the Lady Fern, is 
common in damp woods. Scolopendrium vulgare, the Hart's-tongue, with entire 
leaves, is common in damp hedgerows and woods. Blechnum (Lomaria), the 
Hard Pern, aa also Ceterach, may be included here, though the indusium may 
be rudimentary or absent. 

(@) Aspidice. Sorns on the lower surface of the leaf, orbicular in form and 
covered by w peltate or reniform superior (Fig. 257 D) or inferior indusinm, 
Neplerodium (Lastra) Filix mas, the male Fern, and other species resembling 
it, with o thick tufted crown of loaves, are not rare in woods, Aspidium is the 
Shield-Fern: A.(Polystichum) Lonchitis inthe Holly-Fern ; Woodsia, Onoclea, and 
Cystopteris (Bladder-Fern), with an inferior indusiam, also belong to this group. 

{e) Polypodira. The sorns, which is on the under surlace of the leaf, is 
naked (Fig. 257 F). 1n the seotion Polypodium the leaves are articulated to the 
stom, so that when they die and fall off they leave a roundish scar: the leaves 
are usually borne in two rows on the dorsal surface of the rhizome. Polypodium 
eulgare, with simple pinnate leaves, is common on tree-tranks, rocks, etc. In 
ths section Phegopteris the leaves are not articulated to the stem, so that when 
they die, fragments of the leat-stalka remain attached to it: Cryptagrammecriapa 
is the Parsloy-Fern: Paegopteris Dryopteria and polypodioldes are the Oak- anu 
Beech-Ferns. 

(UV) Acrostichew. The whole underside of the leaf is covered with naked 
rporangia. To this family belong a number of tropical Ferns of the two 
genera Platyceriam and Acrostichum with its numerous sub-gener, Polybotrya, 
Olfersin, Elaphoglossum, ete. 

‘Onder 8. Cyatheacew. Distinguished from the Polypodiaces only by the 
presence of a complete annulus, 

The Troe-Ferns belong to this family. Cibotinm and Dicksonia havo marginal 
‘sori with two-valved inforior indusis: Cyathea, Hemitelia, and Alsophila have 
heir sori on the under surface of the loaf: Alsophila alone has no indusium ; 
in Cyathea it is cup-shaped, and in Hemitetia one-ralved. 

‘Order 4. Gleicheniacem, including the genus Gleichenia, with a horizontal 
annulus; no indusum : all tropical. 
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and the two lowest the ventral rows. In Salvinia the 

are alternately developed from the dorsal and the dorso-lateral 
cells; hence they lie in four alternating longitudinal rows: the 
submerged leaves are developed from the ventro-lateral cells in 
two rows. In Azolla the leaves ace developed only from the dorso- 
lateral cells, and the roots from the ventral cells. In both genera 
the lateral branches are developed from the ventro-lateral cells, 

In the Marsileacem the apical cell is tetrahedral: of the three 
sides from which segments are cut off, two are dorso-lateral and 
one is ventral: the leaves are developed from the upper portions, 
the branches from the lower portions, of the dorso-lateral 
segments: the roots are developed from the ventral segments. 

The foliage-leaf presents a considerable variety of form. In 
Salvinia it is broad and flat, sessile and entire, with a well-marked 
midrib: in Azolla the leaf is small and two-lobed, the lower lobe 
being submerged whilst the upper floats on tho surface of the 
water; in Marsilea the leaf has a long erect petiole bearing a 
paripinnate bijagate compound lamina of four leaflets: in Pilularia 
the leaf is cylindrical and erect. 

The growth in length of the leaf is effected, in Salvinia, Marsilea, 
and Pilularia, by an apical growing-point having a wedge-shaped 
apical cell: the growth in breadth of the lamina is effected, 
in the two former, by marginal growth. In Azolla the develop- 
ment of the leaf is effected altogether by marginal growth. 

Circinate vernation obtains in the Marsileacem, but not in the 
Salvinincew : in Salvinia the vernation is conduplicate, and in 
Azolla the lamina is expanded from the first. 

In Salvinia the leaves are borne in a whorl of three at a node, 
two being a pair of opposite foliage-leaves, and the third a 
submerged leaf: in the other genera the phyllotaxis is alternate, 

* The submerged leaf of Salvinia consists of a number of long 
filamentous branches, springing from a short petiole, and densely 
covered with multicellular hairs. 

The sporangia aro of two kinds, microsporangia and 
macrosporangis: they are borne in sori enclosed in structures 
termed sporocarps. The morphology of the sporocarp is, however, 
altogether different in the two orders, and the same term ought 
not to be applied to both: it would be well to restrict the term 
“sporocarp” to the more complex fructifications of the 
Marsileacew. 

In tho Salviniacem the so-called sporocarp is simply a sorus of 
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aspect of the macrospore the perinium forms three (A. filiculoides 

and ¢aroliniana) or by segmentation nine (A. pinnata and nilotioa) 

large spongy masses which constitute the so-called floats of the 

spore: at the pointed apex of the spore, between these masses, the 
iniom usually terminates in a tuft of delicate filaments. 

In the Marsileacew the spores become invested by a perininm, 
secreted by the epiplasm, consisting of an inner layer made up of 
prisms placed with their long axes perpendicular to the surface of 
the spore, and of an outer layer which is homogeneous in the 
ease of the microspore; bat in the case of the macrospore it is 
stratified, swells up enormously on being wetted, and gives the 
cellulose-reaction, 

Tn all cases the spore has its own proper coats, the exospore 
and the endospore, of the usual constitation. It contains a mass of 
granular protoplasm, with a nocleus, and encloses numerous 
starch-grains, oil-drops, and proteid granules. 

‘The dissemination of the spores is effected by somewhat peculiar 
means. In Salvinia the spores remain enclosed in the sporangia, 
bat the sporangia break off from their stalks and float on the sur- 
face of the water. In Azolla the indusium, as also the wall of the 
free microsporangia, slowly decays, and the massulm of micro- 
spores escape; but the macrospore remains covered in its upper 
end by the wall of the sporangium and by the indusium: in those 
species in which glochidia are present, the massulw become hooked 
on to the projecting filaments of the macrospores. In the Mar- 
sileacew the hard sporocarp must first of all be opened; this is 
effected by the mucilaginous walls of the internal tissue of the 
mature sporocarp, which, when the sporocarp is moistened, absorb 
water and swell up considerably. In Pilnlaria the tension thus 
produced causes the wall of the sporocarp to split into 2-4 valves 
at the apex, and through this opening the mucilage escapes carry- 
ing with it the spores. In Marsilea there is a well defined strand 
of swelling tissue extending along the dorsal and ventral margins of 
the sporocarp and forming a continuous ring with which is con- 
nected the tissue enclosing the chambers containing the sori; 
when water gains entrance to the mature sporocarp, this tissue 
Swells and, first of all, causes the rupture of the wall of the 
Sporccarp along the ventral suture; the ring continues to swell 
and drags ont with it the chambers and the contained sori till 
‘they lio freely in tho water ; it is estimated that the ring swells 
‘up to about 200 times its original size; the delicate tissue sur- 
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elongate, the sporophylla branches (r) spring; w the uppermost aterilo sheath 
ure aggregated intoacone- (ring): La api art Ae Bn el lie ta 
vorsa aoction o mm (x 6): 0 ‘cavity; « 
ikelHower situated terminy vs. pandles arranged in a circle, each having 
ally on the shoot (Pig. 272), 4 carina! carity, b; f the vallecular cavities; r the 
or leas commonly (¢g. H. ridges. © Sparophyll with sparangia ( x 10): at tho 
ee ee tas y tha vasolar bundioa where two lalocaoaan 
y the La mn wi two 
Pee ATOREES TO Nes ii ihe internodes; b ths node, 


marking off the reproductive from the vegetative region of the shoot, is peculiar, 
very much reduced, and ix termed the ring (sen p. 79). 

‘Each sporophyll has # small hexagonal lamina which is inserted on the axis 

‘of the cone by a short stalk atinched to the centre of the inner surface of the 
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stem and root have an sxial vascular oylinder consisting of alternating bundles 
of wood and of bast arranged radially : thus the stem is monostelie, and its struc- 
ture only differs from that of the stouter roots in respect of the larger number 
of bundles preseot: in smaller roots there is only one wood- and one bast-bundle. 





copodiam aro of Fim, 270,—Embryogeny of Lycopodium (nundatum (x 42: after 
werysimpla struc- Goebel}: proth. prothallium proth. tub, tuberous portion of the 
ture; they usunlly _ 7rothalliam; arch. arcboyanlam; em, tub, tuberous protocarm of 

u the embryo; coh cotyledon; et. sooond leaf, wt the base of which ix 
have stomata on the growing-point of the stem. 


‘In Phylloglossam, likewise, the growing-point of both stem and root has no 
apieal cell. The tuber consists wholly of parenchymatous tissue. In each leaf 
and root there is a single bundle: these bundles anasxtomose at the point of 
origin of these members: when there is a sporangiferous shoot it contains an 
sxial strand of vascular tissue connected at the baso with those of the roots and 
leaves. The bundles are rudimentary and ill-defined, 

Bubryogeny of the Sporophyte. Tho early stagos bave only been observed in 
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The macrosporophyll, or carpel, bears (usually) macrosporangia 
(see p. 78). In the Angiosperms the carpel, either by itself or by 
cohesion with others, forms a closed cavity, the ovary, which is 
frequently prolonged at its apex into a longer or shorter process, 
the style, bearing at its summit a glandular surface, the stigma: 
sometimes the style is absent, so that the stigma is sessile on the 
ovary; within the ovary the macrosporangia are developed. In 
the Gymnosperms, the macrosporophylls (when present) do not 
cohere, either individually or several together; so that in this 
group there is no ovary, style, or stigma; they are thus distin- 
guished from the Angiosperms, in which there is always an 
ovary. 

The Sporangia are of two kinds; microsporangia or pollen-sacs, 
and macrosporanyia or ovules. The development of the sporangium 
is, in both, eusporangiate (see p. 78). The sporangia are, a5 a 
rule, borne on the sporophylis; but in some few cases (e.g. micro- 
sporangia of Naias, Casuarina; macrosporangia of Taxos, Poly- 
gonom, Primulacem, ete.) they are borne on the axis. 

The mierosporangia, or pollen-sacs, may be developed either 
singly or in a sorua of two or more; they may be very numerous 
on the sporophyll, as in the Cycadacew. When borne on the 
sporophylls, they are developed on the lower (dorsal) surface of 
the microsporopbyll in the lower forms (e.7. Cycadacem, Conifer); 
whereas in the Angiosperms they are usnally developed both on 
the upper (ventral) and the lower anrfaces. 

‘The microsporangia cither project freely or ave embedded in the 
placental tissue of the member bearing them. The multicellular 
hypodermal archesporiam is either a row or a layer of cells, The 
archesporial cells undergo, as a rule, division, giving rise to the 
sporogenous cells together with a more or less extensive transitory 
layer of investing cells, the tapetum, which is eventually dis- 
organised, 

‘The microsporanginm is, as a rule, unilocular; but in a few 
Angiosperms some of the sporogenous cells are sterile and, instead 
of giving rise to spores, constitute walls which render the micro- 
Sporangiam multilocular. The septa are either transverse, so that 
the locoli are in @ vertical row (e.g. species of Mimosew; also some 
‘Onagracem, such as Cirewa, Ganra, Clarkia); or both transverse 
and longitudinal, as in Rhizophora and Viscum. 

‘The microsporangium eventually dehisces, generally by a longi- 
fodinal slit, less commonly by 4 transverse slit or by a pore. 
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seed he kept dry, The “germination” of the seed when sown is 
simply the resnmption of development by the embryo in conse- 
quence of exposure to the necessary conditions of moisture, 
warmth, etc, 

In most Phanerogams, each oospore gives rise to a single em- 
bryo; but in most Gymnosperms each oospore gives rise to more 
than one embryo (four or many), thus exhibiting polyembryuny. 

The primary development of the embryo is either holoblastic or 
meroblastic (see p. 13) ; meroblastic embryogeny is common among 
Gymnosperms. 

In some exceptional cases (Cycads, Ginkgo, Ephedra) the 
embryogeny begins with free cell-formation in the oospore (see p. 
121). 

Generally speaking, the oospore of holoblastic plants divides 
into two by a transverse wall: the upper of the two cells remains 
coherent to the micropylar end of the embryo-sac and developes 
into the suspensor, an embryonic organ which is a characteristic 
feature of the embryogeny of Phanerogams, which bears at its 
lower end the other cell, termed the embryo.cell, from which the 
whole or a considerable part of the body of the embryo is de- 
veloped. In meroblustic plants, the suspensorial cell and the 
embryo-cell are developed in a somewhat similar though more 
complicated manner, from the embryogenic portion of the oospore 
(see Gymnosperms, p. 471). 

It is in comparatively few plants that the suspensor contributes 
nothing to the development of the permanent members of the 
embryo, This is necessarily the case in those plants (enumerated 
below) in which no suspensor is developed; it is also the case 
in some plants in which o suspensor is present (e.g. plants 
with massive suspensors, such as Geranium, Tropwolum, many 
Grasses; also most Leguminose). Here the embryo is de- 
yeloped entirely from the embryo-cell, In some cases (Viciew, 
Conifera) the embryo-cell, on the other hand, contributes to the 
elongation of the suspensor. In many cases, however, the lowest 
cell of the suspensor contributes in part (¢.g. Capsella, Fig. 286) or 
entirely (¢.g- Alisma, Fig, 287) to the construction of the embryo, 

The suspensor may be regarded, in most cases, simply as a 
temporary organ of the embryo: but it occasionally presents such 
a degree of independence of growth, that it assumes the character 
rather of a proembryonic organism, making the embryogeny 
heteroblastic, than of a mere organ (see p. 14). 
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embryo. In Monocotyledons, on the other hand, the embryo-cell 

gives rise, as a rule (Fig. 287 A and C, a), only to the single ter. 
minal cotyledon; whilst the last cell of the suspensor (Fig. 287 | 
A, b) gives rise to the growing-point of the stem, which is here | 
lateral (Pig. 287 , 0; D, st), aud to that of the root by a hypo: 
physial eell (/). 


Ta two cases only (Cephatotaxus Fortunst, Arawoaria brasiliana, both Gymno- 
sperms) are the cotyledons and the growing-point of the primary stem 
developed endogenously: here they are at first covered by some cells at the 
apex of the embryo, which are eventually thrown off. 

Tn a few exceptional Monocotyleduns (e.g, Dioscoreacem, Commelynacem) the 
growing-point of the primary stem is developed, not laterally, but apically, 
and the cotyledon is lateral, In some Dieotyledons (¢.g. Carum Bulbocastanwn, 
Kamunoulua Ficaria) the embryo is peeudo-monocotyledonous; that 18, only oue 


cotyledon is developed thongh two sre originally indicated. 
In the Gymnosperms, the number of cotyledons varies from one of fifteen. 


With regard to the histological differentiation of the embryo, 
the first step, after the division into octants, is the formation of 
periclinal walls marking off a superficial Jayer, which is the 
dermatogen (Figs. 286, 287); this differentiation proceeds from 
the anterior end, or apex, backwards towards the posterior end of 
the embryo. In those plants in which the root-end of the embryo 
is formed by a hypophysial cell contributed by the snspensor 
(Fig. 286 B, k), the dermatogen-layer is completed by the peri- 
olinal division of the hypophysinl cell, the inner cell forming the 
periblem of the growing-point, the outer forming the dermatogen 
which undergoes further periclinal division to form the primitive 

In the meantime, anticlinal and longitudinal walls 
have also been formed, so that the embryo, as it increases in size, 
consists of un increasing number of cells. The degree of histo- 
logical differentiution attained varies widely: in the highest forms 
(Fig. 286 1) a cylinder of plerome is differentiated in the axis 
of the embryo, so that the three primary tissne-systems, der- 
matogen, periblem, and plerome, are clearly defined. 

The degree of morphological differentiation attained by the 
embryo in its intra-seminal development also varies widely, as 
does also the size of the embryo, In the ripe seed of most Orchids 
and parasitic plants (¢.g, Orobanche, Monotropa, eto.), the body of 
the embryo presents no differentiation into members. In most 
plants, the embryo, in the ripe seed, consists of the following 
members: (a) one, two, or several cotyledons; (5) a primary 
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does so in the form of on arch, so that tho apex is not exposed 
to injury whilst the member is forcing its way up through the 
soil, 

Epigean cotyledons become green in colour, and in many cases 
(e.g. Sunflower, Radish) assume the appearance, and discharge 
the functions, of foliage-lenves; but they do not ever precisely re- 
semble, either in size or form, the true foliage-leaves of the plant 
to which they belong. 

Vegetative Propagation ia common among Phanerogams, by 
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Fig, 785.—Germination of pollen-grain of Lilivm Martagon (x 750: after Guignanl), A 
‘Young polien-grain: ¢ eantrospheres; = resting nocleus, B Commencement of germina- 
Hons the dividing nueleus; eventroxpheres. C Cell-formation has taken place, result 
‘ing in the formation of the generative cell gy ® nucleus of remainder of pollen-grain (ie. * 
‘Vegetative coll). 
means of bulbs (e.g. Lily, Onion, and many other Monocotyledons), 
tubers (Potato), tuberous roots (Dahlia), etc. 

B. Tux Ganerornrre. As all Phanerogams are heterosporous, 
the sexnal generation is represented by two individuals, a male 
V.S. Be eo 
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however (#9. Larch, Ginkgo, Fir, Ephedra), generally three cells 
uve successively cut off by parallel septa (Fig. 290): of these, 
the two first formed are merely vegetative prothallial cells, and 
undergo disorganisation, whilst the last is the antheridial cell, and 
undergoes division into a generative cell and a stalk-cell, In 
some cases (Ginkgo, Ephedra, Cyeads) the second prothallial cell 
persists; and it appears that in the Gnetscem the antheridial cell 
does not divide to form a stalk-cell but is actually the generative 
cell. 

Tn both Angiosperms and Gpanatetie: the rd. see 2 is 
formed by 
the out- 
growth of 
the large 
vegetative 
cell: in both 
cases the 
generative 
cell (after 
being set 
free when \ 
necessary) 
enters the 
pollen-tube, 
together 
with the ve- 
getative nn- 
cleus, and, 
in Gymno- 
sperms, 
with thenu- _ Fre. 20 —Dovelopment of the male prothallinm af Ginkgo biloba. A 
C Pollen-grain in which cell division is proceeding whilst still in the 
leas of the potjensec; » tiuclowe: pr three prothallinl cells, the innermost of 
stalk ~ cell; which ( tho anthoridial coll. B Older pollen-grain developing 
ike ¥: peters w —— cells; nucleus of pollen-tube, (x 40: 
tivenucleus 


becomes disorganised (Fig. 289 B,n), whilst the generative cell 
andergoes division into two; either into two equal generative 
cells, as is generally the case, or into two unequal cells only one 
of which is generative (e.g. Taxus). More than one pollen-tube 


‘be developed from the microspore (Fig. 283). 
"Thus the male individual in the Phanerogams is # prothalliam 











GROUP IV,—PHANEROGAMIA, 


the foar so formed divides again, so that eight nuclei are formed, | 
four at the micropylar, and four at the chalazal pole of the 
macrospore; one nucleus is then conveyed from each pole to- ! 
ward the centre of the macrospore, where the two nuclei meet 
and fuse into one which is termed the dejinitive nucleus of the 
macrospore or embryo-sac. Three nuclei now lie at each pole, 
and around these aggregation of protoplasm takes place, so that 
cells are formed: those at the chalazal pole soon acquire a cell- 
wall, and are termed antipodal ‘ 
ells: those at the micropylar 
end do not form any cell-wall; 
one of them is the female re- 
productive cell or oosphere, 
the other two are sterile 
(thongh in rare casea they 
are fertile), and are termed 
the synergide, the three to- 
gether constituting the egg- 
apparatus. This is the extent to 
which the de ment of the 
female prothallium takes place 
previously to fertilisation (Fig. 
202). In most Angiosperms 
the structure of the prothal- 
lium is completed by the for- 





mation, after fertilisation has 
taken place, of additional cel- 
lular tissue: this process is 
initiated by the division of 
the definitive nucleus of the 
macrospore, nuclear division is 
repeated, cell-formation takes 
place, in the manner described 


Fra, 202,—The femnte prothatiium of An- 
qiosperms, shown in a longitndlnal section of 
‘the ovule(* 70); af outer, { inner, integu- 
ment; m micropyle; f funicle, K Macros 
poranginm (oucellus), 2 Macroapore (em 
bryo-sac). k Definitive nucleus of the em- 
bryo-snc, The female prothallinin consists 
‘of the ege-apparatas at the micropylar ond 
of the macrospore, and of the group of axti> 
podal cells at at tho chalasal ond. ‘Tho ege- 
apparatins consists of two aynorgidm #, wd 
an oosphere ¢, . 


abore for the Gymnosperms, 
and the macrospore becomes more or less completely filled with 
cellular tissue, commonly termed endosperm. 

In & nomber of dicotyledonous plants (e.g. Loranthaces. Orobanchacem, 
Tabiate, Campanniacem) where the embryo-aac is long and narrow, the endo- 
sperm is developed Ly cell-division : the embryo-sac is divided by two or more 
transverse septa and longitudinal divisions follow, And even when the de- 
velopinent of the endosperm begins with free cell-formation, its farther develop- 
ment is effected by the growth and division of the first-formed cella 
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The bringing of the microspore into such close relation is what is 
termed pollination. When the pollen of any one flower is brought 
into relation with the macrosporangiam of the same flower, the 
case is one of self-pollination; when the pollen of any one Hower is 
brought inte relation with the macrosporangium of another flower 
(whether on the same plant, or on another plant of the same 
Species), the case is one of cross-pollination. 

The microspores when so brought are placed under conditions 
of moisture and nutrition favourable to their germination. In 
Gymnosperms, where there is no ovary and no stigma, the micro- 
Spore is brought into direct contact with the micropyle of the 
macrosporaugiim. In the Angiosperms, where there is an ovary 
and a stigma, the microspores cannot come into direct contact 
with the macrosporangium ; they fall upon the stigma and ger- 
minate on its moist surface ; the pollen-tubes then grow down into 
the ovary, down the style, if there is one, and finally enter the 
ovules (see Fig. 280). 

Iu certain cases flowers, of course ambisporangiate, are 80 
modified as to ensure self-pollination: instances of this are afforded 
by species of Viola, Lamium amplexicaule, Oxalis Acetosella, and 
others, where the plant (in addition to the ordinary flowers) bears 
inconspicuous flowers which do not open, and in which self- 
fertilisation is perfectly effected by the pollen; these peculiar 
flowers are snid to be cleistogamous. 

In the great majority of Phanerogams, however, cross-pollina- 
tion is the rule. In the case of monosporangiate flowers (e.g. 
Gymnosperms) it is clear that pollen must be conveyed from a 
staminate to acarpellary flower, It is also known that in a great 
number of ambisporangiate flowers, pollination is effected by the 
transfer of pollen from one flower to another; in some of these 
cases it has been demonstrated that it is only the pollen of another 
flower which can effect fertilisation; in other cases, that the 
pollen of the same flower, though not absolutely useless, has less 
fertilising power than that of another flower; and in yet other 
eases, that though the pollen of the flower itself has sufficient 
fertilising effect, yet the progeny is less vigorous than when 
pollen is supplied from another flower. 

The conveyance of pollen from one flower to another is effected, 
‘in the case of a number of plants with inconspicuous flowers (¢.g. 
Gymnosperms, Grasses, many Dicotyledonous Forest-trees), by 
the agency of the wind, when they are said to be anemophilous; bat 


























anthers; (aninecct; Efoyary, (After Sachs.) 


the leaves of the perianth, the dabellum 
draws from the flower, it carries away 
and on entering the next flower, deposi 
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In the conrse of frequent cross-pollination it is inevitable that 
the pollen of other species of plants should be applied to the stigma ; 
bat while the pollen of plants of widely different species is wholly 
without effect, that of nearly allied species, particularly those 
belonging to the same genus in certain groups, has a fertilising 
effect; the result of cross-fertilisation between species is hybridi- 
sation, that is, the development of a plant which combines the 
characters of both parent-specics to a certain extent, and which is 
known as a basturd or hybrid. 

Hybrids are for the most part 3 

sterile among themselves, bot - 
ave often fertile when crossed 
again with a plant of either 
of the parent-species or of some 
allied species. While hybrids 
are produced with great ease 
in certain genera, as Salix and 
Cirsium, im others the artificial 
production of hybrids has never 
yet been found possible even 
between very closely allied 
species, as the Apple and Pear. 

Fertilisation. As in other 
plants, so bere, the process of 
fertilisation consists in the fu- 
sion of the male and femule 





reproductive cells. The way in 
which it takes place in Phane- 
rogams is briefly as follows — 
The pollen-tube makes its way 
to the female organ, entering 
the neck of the archegoninm in 
the Gymnosperms, and coming 
into close relation with the egg- 
apparatos in the Angiosperms., 
The apex of the wall of the 
pollen-tube is at this time 
mucilaginous: a small na- 


Fro. 204.—Kpipactis latifolia, A Longi- 
Vorlinal section through a floworbad, & 
Open flower after removal of the parinnth, 
with the exception of the tnbellum, 1. CThe 
reproductive organs, after the removal of 
the perianth, seen from below and in front, 
Das By the polnt of a lead-peneil (b) is in~ 
sorved after the manner of the proboscis of 
aninssct. B and ¥ The lend-pencil with 
the pollinia attached : /K ovacy ; Labellum, 
{ts ano-like dopression sorving as nectury ; 
broad stigma; en the connective of 
the single fertile anther, » pollinia; h tha 
rostellum; ax the two lateral staminodes ; 
( place where the Inbellam hae been cnt 
off; «the gynostemiam, (After Sachs.) 





cleated mass of protoplasm, the male cell (see p. 450), is forced ont 
through the mucilaginous membrane, into the oosphere; the 
ueleus of the male cell (male pronucleus) and that of the female 
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ace, Phytolaccacem, and Nyctaginacew, when there is perisperm, 
there is no endosperm in the ripe seed. | 


A formation of endosperm takes place in nearly all seeds, even 
exalbominons seeds, but in these latter it is more or less dis- 
organised and absorbed by the growing embryo, so that little or | 
none remains in the ripe seed. 

Whether the seed be albuminous or exalbuminons, it contains 
{except in some parasitic or saprophytic plants, such as Orchids, 
ete.) a supply of organic substances for the nutrition of the 
embryo during its extra-seminal period of development. These 
substances may be mainly stored in the cells of the cotyledons, as 
in exalbuminous seeds; or in the cells of the endosperm, or in 
the cells of the perisperm, when present, as in albuminous seeds. 
The substances are nitrogenous and non-nitrogenous, The nitro- 
genous substances are proteids, deposited in the solid form as 
aleuron (see p. 112), and are present in all seeds. The non-nitro- 
enous substances are starch, in the form of starch-grains (see 
p. 109), in starchy seeds (c.g. Cereals, ete); or fat, in the form of 
oil-drops (see p. 111), in oily seeds (e.g. Palm, Castor-Oil, ete.) ; 
or cellulose, in thickened cell-walls (e.g. Coffee and Date). 

The sced is generally enclosed in a single integument, the testa, 
derived from the outer integument of the ovale, the inner integu- 
ment of the ovule having been absorbed ; sometimes, however, the 
seed bas two integuments derived from those of the ovule, an 
outer testa, and an inner endoplewra (e.g, Enphorbiacem, Rosacem) : 
in others again neither of the ovular integuments persists into the 
seed, in which case the wall of the embryo-sac is in direct con- 
tact with the wall of the ovary. 

In a few cases additional integuments or appendages are de- 
veloped in connexion with the seed, such new growths being 
designated by the general term aril. The aril may be developed 
from either the fanicle or the hilum; or from the micropyle, when 
it is distinguished as an arillode. Good examples of a funicular 
aril, which grows up round the seed like an additional integument, 
ure afforded by the Yew, Water-Lily (Nymphwa), Passion-Flower, 
The Willow has « funicular aril in the form of a tuft of woolly 
hairs. The most striking example of a membranous micropyla> 
aril is the Spindle-tree (Euonymas): in Euphorbia and Polygala 
the micropylar aril is a small mass of tissue, and in Asclepias it 
is a taft of hairs. Other excrescences, not especially connected 
with either the hilum or the micropyle (sometimes distinguished 
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Elaterium, the Squirting Cucumber; Impatiens noli-me-tangere; 
Ozalis Acctosella; Hura crepitans) the frnit dehisces suddenly, 
ejecting and scattering the seeds with considerable foree. Some 
fruits, provided with a long appendage (awn), bore their way into 
the soil (e.g, Stipa pennata, Evodium), + 

The Life-History of the Phanerogams is essentially similar to 
that of the heterosporous Pteridophyta, though, on account of the 
structural peculiarities which bring about the formation of a seed, 
it is not quite so ensy to trace. The sporophyte, or asexual 
generation, is represented by the plant itself, bearing macro- and 
micro-sporangia and macro- and micro-spores. The gametophyte, 
or sexual generation, is represented by the male and female pro- 
thallia developed respectively from the microspore and the 
macrospore, Thus there isa definite and regular alternation of 
generations, since the male and female prothallia can only be 
developed from the spores of the sporophyte; and, on the other 
hand, the sporophyte can only be developed from the immediate 
product of fertilisation, the oospore. 

The gametophyte is here very much reduced, even more so than 
in the highest heterosporous Pteridophyta, expecially as regards 
the female individual. In the Phanerogams, in consequence of 
the indehiscence of the macrosporangium and of its remaining 
attached to the plant producing it, the macrospore germinates 
whilst still in organic connexion with the sporophyte, with the 
remarkable consequence that the female individual (or pro- 
thallium) is actually an appendage of the sporophyte, and seems 
to be so much a part of it that its true morphological significance 
is easily overlooked, 

The life-history of these plants is made clear by a morphological 
consideration, as indicated in the following table, of the stracture 
of the seed :>— 


Seed-conts.  . } ==macrosporangium of parent- 
Perisperm (if present) sporophyte. 


Endosperm. . . =gametophyte: female pro- 
’ thalliom, 
Embryo . «+ « young sporophyte. 
~ When a plant perishes.after once producing flowers and seeds, 
it is suid to be monocarpous. In rare cases (e.g. Agave american«) 
several or even many years clapse before the plant blooms: more 
common are annual planta (indicated by the sign ©), ie, such as 
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schia there are apparently both a cortical and a medullary system. 
Secondary growth in thickness takes place as a rule by means of 
& normal cambium-ring; but in some cases the activity of the 
normal cambium is short-lived, and a new-merismatic layer is 
developed in the pericycle; thas in Cycas, Encephalartos, and 
species of Gnetum, the merismatic layer resembles the true 
cambiam in that it forms wood internally and bast externally, 
and in these plants successive merismatie layers are formed; 
in Welwitschia the merismatic layer forms vascular bundles 
and groand-tissue internally, and cortex externally, and persists 
thronghont the life of the plant. In the Cycadacee and Coniferm, 
the secondary wood consists exclusively of tracheides with rounded 
or elongated bordered pits (scalariform tracheides) and of paren- 
chymatous medallary rays, but true vessels are formed im the 
Gnetacew; the secondary bast bas generally the normal strneture, 
but in some cases (Abietines) it has no bast-fibres. 

The Foliage-leaf is characterised by its well-developed epidermis 
the cells of which are fibrous (Pinus, Torreya): the stomata 
are always depressed below the surface, and are borue nsually on 
the under gurface only, when the leaf is flat (eg. Cunninghamia, 
Abies, Taxus, Ginkgo, ete.), or on both sides (some Araucarins, 
Podocarpns), or on the upper side only (Juniperus), but on all 
sides when the leaf is acicular (e.g. Pinns, Picea, etc.): the 
epidermis is supported by a hypodermal Jayer of fibrons scleren- 
chymatous cells; when the leaf is flat, the mesophyll is more or 
Jess clearly differentiated into palisade and spongy tissue, bat 
wheo it is acienlar the mesophyll is nuiform thronghont, consisting 
of parenchymatous cells with curiously infolded walls: the acieular 
leaves (Abietinee) have a single central vascalar strand en- 
closing two bundles which give off no branches; in the flattened 
leaves there may be several ribs which either do (e.g. Ginkgo) or do 
not («g. Dammara, Araucaria) branch in the lamina, and in all 
these cases the bundles end blindly; in Gnetum the leaf, and in 
Btangeria the leaf-pinna, has a midrib and pinnate venation; the 
multicostate leaf of Welwitschia has parallel venation. A remark- 
able feature in the stractore of the leaf is the presence, in all the 
geuera, of a tissue, termed transfusion-tissue (p. 169), which consists 
of parenchymatous cells, some of which contain no protoplasm and 
have pitted walls, being im fact tracheides, whilst others con- 
tain protoplasm and have unpitted walls: in the Abietinew this 
tissue ix a development of the pericycle of the vascular strand, 
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veloped at the growing-point of the stem in the place of & whorl 
of folisge-leaves. The few sessile macrosporangia are borne 
laterally on the lower part of the sporophyll. 

Tn the other Cycadacew, the macrosporophyll is a stout saly 
leaf, thickened at its outer end, bearing usually nists labetrall coms 
_one on each side. 

_ In the Coniferw,.the simplest form of macrosporophyll is to be 
found in Dammara (Araucarinem), for instance, where it,is simply 
a scaly leat bearing wsingle macrosporangium on its upper surface: 
in other forms the superior surface of the macrosporophyll is 
clearly marked ont, by outgrowths of various kinds, into an apical 
and a basal half, the latter alone bearing the (1-7) macrosporangia 
(e.g. Taxodinew, Cupressinem): in the Abietines (Pinus, Larix, ete.) 
the sporangiferous structure of the preceding families is developed 
from the base of the carpel as a placental scale, which is much 
larger than the carpel itself, and bears the two macrosporangia on 
its npper surface. In most Podocarpew, the macrosporophyll is 
likewise differentiated into an apical and a basal half, the latter 
being much thickened, but here it is the apical portion which bears 
the single macrosporangiam. In the Taxem the macrosporophylls 
are radimentary (¢g. Phyllocladas, Cephalotaxus) or absent (e.g. 
Torreya, Taxus); even when present they do not bear the macro- 


sporangia. 

In the Gnetaces there are no macrosporophylls. 

‘The microsporangia (pollen-sacs) are borne, in nearly all cases, 
on the lower (dorsal) surface of a sporophyll; they may be 
nomerous (about 1,000) as in some Cycadacem; or few (2-15) in 
the Conifere and Gnotacew: scattered (some Cycads), or more 
commonly grouped into one or more sori, with more or less well- 

placental tissne; either imbedded in the tissue of the 
sporophyll (e.g. Abictinem), or freely suspended (e.g. Araucaria, 
Ginkgo): in the Cupressinew, the sporangia, when young, are 
covered by an outgrowth of the under surface of the spexophyll 
which is comparable to the indusiam of Ferns, In Gnetum, as 
there is no microsporophyll, the two microsporangia are borne on 
the apex of the floral axis. 
_ The stracture of the microsporangium is simple; it is unilocn- 
Jar; it contains, st an early stage, a mass of spore-mother-cella 
derived from the archesporium, sarrounded by a layerof tapetal 
‘cells also derived from the archesporiam, and by a wall consist- 
ing of one. two, or more, layers of cells: each spore-mother-<cell 
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the microsporangiate to the macrosporangiate flowers, the Gymno- 
sperms being anemophilous, and they come into direct relation with | 
the mieropyle. In the case of cone-flowers, the scales separate at | 
the time of pollination, to permit of the pollen-grains being blown | 
in between them. The micropyle of the ovule secretes a mucila- | 
ginous liquid which catches one or more of the pollen-grains: by 
the gradual evaporation of this liquid, the pollen-grain is drawn 
down the micropyle and is lodged on the apex of the nucellus, 
where it germinates. 
Embryogeny of the Sporophyte. The Gymnosperms are all mero- 
blastic and have a suspensor, with the single exception, in both 
respects, of Ginkgo: they are frequently polyembryonic (most 
Cupressinew, Abietinew, and Gnetacew). 
The most peculiar type of development is that which is char. 
acteristic of the Cycadacem, of Ginkgo among Conifers, and of 
Ephedra among Gnetacew, In these plants the germination of 
the oospore begins with repeated nuclear division followed by 
free cell-formation which leads, in the Cycadacem, to the production 
either of a layer of cells round the wall of the archegonium (Cycas), 
or of a mass of cells occupying its lower end (Ceratozamia), a 
considerable cavity being left vacant in both cases: in Ephedra, 
several (2-8) loose spherical cells are formed in a similar manner, 
in the oospore, each with its own proper wall; and in Ginkgo, it 
becomes completely filled with a mass of cells forming a compact 
tissue. In the Cycadacem, the embryonic cells at the lower end of 
the oospore grow out into the endosperm, forming a suxpensor at 
the free end of which the body of the embryo is developed. In 
Ephedra, each of the cells elongates into a suspensor which grows 
out into the endosperm and produces an embryo. In Ginkgo, the 
mass of cells constitutes the embryo itself ; there is no suspensor, 
but the embryo, in the course of its growth, breaks out of the 
archegonium into the endosperm. In the Coniferte (except Ginkgo) 
the type of development is essentially the same thronghont, though 
with slight variations. In the Abietinew the nuclens of the oospore 
descends towards the lower end of the cell, and divides into two, 
and each of these agnin into two; cvll-formation takes place, walls 
being formed in two planes at right angles to each other, so that the 
Tower end of the oospore is occupied by a group of four cells lying 
in one plane; these cells then divide by transverse walls, so that three 
tiers of four cells each are formed ; of these, each cell of the middle 
tier grows ont into a long unicellalar suspensor ; those of the upper 
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Ephedra), there is a two-sided apical cell in the growing-point at 


its first development. 


The cotyledons vary innamber: one, in Ceratozamia, and some- 
times in other Cycadacew; two, in the Cycadacem generally, in 





Pia, 10.—Gorminating seeds of Pinus Pines: T first 
wage, to longitudinal section: I second stage, with pro- 
tending rudicle; 4 external view; B view after removal of 
‘Aull the seed-comt; C longitudinal section, without seed~ 
‘cost; D transverse section, withont seed.coat; IT ger+ 
gninatian is here completed, the cotyledons havingexpanded, 
and sho bypocoty! olongated : # sed-cont ; ¢ endosperm ; « 
tidicle ; ¢ cotyledons; y micropyle; r red motmbrano (re- 
mains of nucellus) ; x the embryo-anc, 
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the Cupressinem 
generally, in some 
Araucarias, in the 
Taxoidem, and in 
the Gnetacew; in 
the Cupressinem 
sometimes 3-5; in 
the Taxodinem 4-9 ; 
in the Abietinew 
5-15, The cotyle- 
dons are generally 
epigean: they are 
hypogean in the Cy- 
cadacew, as also in 
Arancaria (sect. 
Oolymbea) and in 
Ginkgo among the 
Coniferm: in the 
Cycadacem, and in 
Ginkgo, the two by- 
pogean cotyledons 
are closely coherent 
at the apex, whereas 
in these Araucarias 
the cotyledons are 
free. 

The growing- 
point of the root is 
in all cases differen- 
tiated endogenously, 
at some distance 
from the posterior 
end of the embryo. 

Tue Gamerornyre. 
—As the Gymno- 
sperms are hetero- 
sporous, the sexual 
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The male organ is a rudimentary antheridium consisting of two 
cells, the stalk-cell and the generative cell, ay? 
Tho male cell is derived from the generative cell of the an-- 
theridinm which travels into the pollen-tube (see Fig. 239); this 


cell 


division into two similar cells, near the apex of 


the pollen-tabe, both of which are, as a rule, fanctional male cells 





‘Pre. 902.—Fertilisationof two archegonia 
Tes wirginians (230: anar Surasburger): ¢ 


equivalent to spermatozoids; in. 
Taxus, however, the two cells. 
differ in size, and it is only the: 
langer one that is a funetional 


_ male cell: The male cell is of 


somewhat spherical or oval 


by 
means of a singlo pollen-tube, 
repeated cell-division takes 
place in the pollen-tabe, 

The Female Individual is a 
prothallium (sometimes called 
endosperm) developed within 
the macrospore. The germina- 
tion of the macrospore begins 
with the division of its nuclens; 
nuclear division is repeated 
until a large nomber of nuclei 
ave formed, lying in the parietal 
protoplasm of the spore; free 
cell-formation then takes place, 
walls being formed between the 
cells so that the interior of the 
macrospore is lined by a layer 
of cella which grow and divide 
until the cayity of the macro- 
spore is entirely filled, It is 
characteristic of Gymnosperms 
that the development of the 
prothalliom is uninterrupted, 


and that it is completed, except in Guetum, before the female 
organs are developed and, consequently, before fertilisation can 


he 
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on the under surface, usually numerous (2 to 1000) microsporangia, either 
scattered or in sori (Cyeas, Stangeria, Zamin). The macrosporophylls bear 
two orthotropous macrosporangia, one on each flank, developed upon the peltate 
terminal lamina; but the exceptional macrosporophylls of Cycas (see Fig, 303) 
may bear as many as five macrosporangia. 

‘The mncrosporangia are all sessile, and have a single integament, and are of 
considerable size; those of Cycas are as large as a plum before fertilication. 

In the coniferous genera, the macrosporangiate flower becomes the fruit; 
that is, a dry cone, the sporophylls of which fall away, and so set free the 
seeds, In Cycas, the sporophylls bend outwards and drop off, bearing the 
seeds. The sved in covered by a testa, developed from tho integament of the 
ovnle, which is succulent externally and stony internally. - It contains a single 
straight embryo, on a coiled suspensor, lying in the endosperm. The embryo, 
‘has generally two cotyledons (one in Ceratozamia, and occasionally in other 


The Oycadacem, of which there 
are nine genera, and about seventy+ 
five species, are all tropical or sub- 
tropical. Cycas is a native of the 
East Indios and Anstralia ; Macro- 


Cyous is clearly distinguished 
from the other genera by its pe- 
culiar macrosporophylls, involving 
the absence of a macrosporangiate 
flower; Bowenin is characterised 
by its bi-pinnate leaves ; Stangeria 
by the pinnate venation of its 
leaves; the other genera, by the 
form of their sporophylls. 

Order % Conifers. This Fro. 300,—Sporophytis of Cyeads, A macro- 
order includes the Pines, Firs,  sporophyll per hs 
Cypresses, inom ; «ovules. Macrosporoy 
Mia asda Samp Aare Meposachty Cevcata win tyocriien.o) tC imosoepseodhyl 


of this species with numerous’ microsporangia 
inhabiting more especially the 


northern hemisphere. 

‘The conspicuous features of their morpholngy are the regular monopodial 
wanching of the stem, the small (often acicular) simple leaves, and the tap- 
root. In their histology, these plants resemble the Dicotyledons in that the 
tem grows in thickness by a normal cambium-ring; but the vascular tissue of 
the wood consists entirely of tracheides with bordered pits, The presence of 
resin-dnote is another characteristic feature. 

‘The flowers arc always monosporangiate; some genera are diccious, The 
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ally divided into the two sub-ordors, Pinoidew and Taxoidew, based npon the 
structure of the macrosporangiate flower ; SE es ee 


several families. 


Sab-order I. Pixormem. The macrosporanginte flowers are cones ; perian 
has 4 woody or leathery testa, is enclosed between the macroxporophylls or 


the placental scales, and has no aril. 

Fam. 1. dAraurarinee : wsnally dic 
cious; macrosporophyll simple, bearing 
8 single macrosporangium, ‘The micro- 
sporophyll bears & to 16 free microspor- 
avgis; microxpores without expansions 
of the exine; all leaves arranged 
spirally ; cotyledons 2-4, 

‘This family includes the two genera, 
Agathis (Dammarn) and Araucaria 
Agathis inhabits the Molayan islands, 
parts of Australia, New Zealand, Fiji 
Telands; 4. auetratie is the Kauri 
Gum-tree: Arauenria inhabits South 
America (4. brasiliana, Brazil; A. im- 
bricate, Chili), and Australasia (de 
exc¢lat, Norfolk Island). 

Fam. 2. Abdietinee: monweions; on 
its upper *arfnce at the bage, the macro. 
sporophyll boars a large placental scale 
on the upper surface of which two in- 
verted macrosporangia are borne. The 
ripe seed has two wings derived from 
tissue of the placental scale; the micro- 
sporophyll bears two microsporangia; 
microspores usually have expansions of 
the exine; all leaves arranged spirally ; 


‘The most important genera may be 
distinguished as follows :— 

A, No dwart-shoots; placental scales 
flat; seed ripens in one year; stem 
bears whorled branches. 

1, Fruit-cones erect, falling to 
pieces whon ripe; foliage-leaves 
Mat, cylindrical at the base, and not 
decurrent; placental scales about 





Fi0. 905—Abies pectinata, A Carpel o, 
peon from above (ventral surface), shows 
Ing + the placental scale, and sk the two 
ovules (mag.). B Matore cone (nat. alze); 
*p exis; 0 carpel; # onl Wacental 
scale. € Ripe placental scale (4) isolated, 
seen from above; ra the two seeds, each 
with awing(). (After Sachs) 


the same length as the macrosporophylls , =. Abies, 
2, Fruit-cones pendent, falling off entire ; ritane lea with 


decarrent projecting base, 


(a) Leaves 4-angular; placental ecales much Jonger than the 


* macrosporopbylls . . « 


li 


Oe kere, Meee ene oleae, 
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©. Libani, in Asia Minor ; C. atlantica, in the Atlax mountains of North Africa : | 





C. Deodara, in the Himalayas. 

7. Pinus, the Pines, The thick placental scales are expanded at their free 
end into a flattened rhombic surface, the apophysis: the seed takes two yearn to 
Fipen: the foliage-leaves persist for several years and are confined to dwarf- 
shoots which bear cataphyllary leaves at their bases, and are borne in the axils 
of the cataphyllary leaves of the long shoots of the same year: the primary 
branches are arranged in false whorls near the apex of the shoot of any one 
year, and the branches of o higher order are doveloped in the same manner: 
the microsporangiate cones take the place of dwarf-shoots at the base of a long 
sboot of the same year, and are closely packed; the macrosporangiate cones 
also occupy the place of dwarf-shoots near the apex of long shoots of the same 


year. 

Tn the section Pinaster, the apophysis has a rhombie free surface with a 
central projection (ambo); it includes three sub-genera :—Pinea, characterised 
by the fact that cach dwarf-shoot bears two leaves, with about twenty specion, 
ineluding Pinus sylecatris, the Scots Pino; P. Laricio, the Black Pines; P. 
Pinuater, the Cluster Pine of South Europe; P. montana, the Mountain Pinesof 
Europe; P. Pinea, the Stone Pine of the South of Europe, the seeds of which 
are large and edible ;—Tmda, where éach dwarf-shoot bears three leaves, with 
about sixteen species, including Pinus Tada, the Frankincense tree of North 
America :—Pseudostrobus, whore each dwarf-shoot usually bears five loaves, 
with about ten North American apecies. 

In the section Strobus, the dwarf-shoots usually bear five leaves, and the 
apophysis runs ont into a projection (urabo) at ite upper edge: it includes two 
sub-genera:—Eustrobus, with pendulous fruit-cones and winged secds, in- 
cluding Pinus Strobus, the Weymouth Pine; P. excelsa, the Himalayan Pine ; 
P. Lawhertiana, the Sugar Pine, and P. monticola, both of California and 
Oregon :—Cembra, with erect or divergent cones and seeds without wings, in- 
cluding Pinus Cembra, the Stone Pine of Switzerland and Siberia; P. flerilis, of 
North America; and P. parvifora, of Japan, 

Fam. 8, Texodiner: monoecious: the macrosporophyll is clearly differen- 
tiated into an outer and an inner (placental) half; the latter forms an out- 
growth across the upper surface of the macrosporophyll, which may even reach 
the surface of the cone: seeds 2-9, either axillary and erect, or borne on the 
sorface of the macrosporophyll and inverted, generally without a wing: micro- 
sporopliylis bear 2-8 mierosporangia: microspores with expansions of the exine: 
leaves arranged spirally. 

Seciadopitys (S. verticillata), tho Umbrella Pine of Japan, is the only member 
of the family which bas long and dwart-shoots, the latter being a single pair of 
confluent linear leaves; the placental outgrowth projects beyond the apex of 
the macrosporophyll, and bears # transverse row of about seven seeds at ita 
‘base.—In Cunninghamia, the placental outgrowth is narrow and membranous. 
—In Athrotaxis, the Tasmanian Cypress, the placental outgrowth ia a thick 
ridge.—Soquoia inelndes the twospecies of large Californian trees, S. sempervirens, 
the Californian Red-wood, and S, (Wellingtonia) gigantea, celobrated for the 
great height to which they grow (over 400 feet), with a circumference of 50-60 
test at the base; the placental outgrowth is a slight transverse ridge. In the 
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Suborder IT, Taxoream: the macrosporangiate flowers are, a a rulo, nob 
cones; the seed neunily projects beyond the macrosporophyils (when present) 


snd has a succulent testa or an arillus; 


each bearing o single macrosporanginm : the 
ripe seed is invested by an arillos: the micro- 
sporophylls each bear two microsporangia ; 
the microspores have expansions of the 
exine. 

‘This family includes the genera Saxegothea, 
Microeachrys, Podocarpus, and Dacrydiam. 
Saxegothes resembles the Cupressinem in 
that the macrosporophylls enclose the seods - 
this genus is movecious. On the other hand 
Dacrydium resembles the Taxew in that the 
mactosporophylls are very similar to the 
foliage-lenves, and in that the macrospor- 
engin are sometimes borne in the axils of 
the macrosporophylls, and are then erect, 
whereas in all othor cases they are inverted. 

Fam. 2. Taxee: the macrosporophylls 
aro usually rudimentary or absent, and the 
macrosporsngia are borne on the axis: the 
seod has an arillus in some forms, while in 
others it hus a succulent testa: microsporo- 





© Wy, 
c : B 
s 


A 


Fro, 807.— 4 Macrosporangiate 
flower of Juniperus Sabina, seon from 
above: ff fertilo 
bearing macrosporangin 9) Sf 
‘upper part of sterile #parophylis 
(mag.). Band C Juniperus com- 
munis, B young fruit: {ff macro 
sparophylla, of whieh the anterior 
istarned down: rtheorules, Cripe 
‘fruit; the Timita of tha threecarpela 
are only distinguishable as tbe 
apex. 





phylls with 2-9 microxporangia: microspores without expansions of the exine, 

Phyllocladus, remarkable for its rudimentary leaves and for the development 
of iia dwarf-shoots into phylloclades, has thick persistent macrosporophylls; 
in the axil of each there is a single erect macrosporangium with an arillus: 


flowers sometimes monecious. 
Ginkgo hiloba (Satisburia odianti- 
fotia), the Maiden-Hair Tree, is 5 
eharactorised by its fan-rhaped de- 
eiduous leaves with furcate vena- 
tion: the macrosporophylls are 
Yadimentary: the macrosporangia 
are borne in an opposite pair at the 
end of a short stalk: no arillus, 


bat the testa of the seed becomes 
suconlent. Cepbalotaxas (the 
Chinese Yew) and the gevera Taxos 
(the Yew) and Torreya (the Fetid 
Yew of North America) have only 
Jong shoots : the mncrosporangiate 
flowers and the ripe seeds of Ce- 
phalotaxus resemble those of Gink- 
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Pro. 908.—A Branch of Tarus baccole bearing: 
& trait f, which consists of # fleshy arillue en- 
closing aseed. B Longitadinal section of tho 
end of = branch terminating in ® macrospe- 
rangiate flower: b ronly bractes & terminal 
macreaporangium (nocellas); sthointagument ; 
m tho micropyle + a the rudiment of the arillue 
(#20). 


GROUP I¥.—PHANEROGAMIA : ANGIOSPERMA. 493 


pound inflorescence changes in type in the different orders of ramification, 
‘Thus the branches of the first order may exhibit a racomose arrangement, and 
‘those of the second a oymose arrangement, as in the dichasial racemes of many 
Euphorbia (¢.g. £. Esula, amygdaloides), in the seorpioid racemes of the Horve- 
‘ebestnnt, and in the helicoid oapitula of many species of Alliam. On the other 
hand the branches of the first order may havo a cymoso, and those of the 
second # racemose arrangement; for instance, the helicoid cymes of capitula in 
Cichoriam. 

Finally, thore are certain terms used in describing infloreseences which refer 
only to tho general external appearance rather than to the mode of formation of 
the inflorescence : thus, the panicle is a pyramidal inflorescence generally of the 
Tacemose type, at least in its first ramification: the corymb is a racomose in- 
fiorescence of which all the ultimate ramifications lie in one plane and bear 
flowers, ¢g. the Elder, many Graciferm: the amentum (catkin) is a simple or 
compound spicate inflorescence, usually pendnlous and elongated, bearing in- 
conspicuous monosporangiate flowers, which falls off entire from the plant when 
the flowering is over. Of cymose inflorescences there is the fascicle, consisting 
of a number of flowers on pedicels of equal length (Sweet William) ; the glome~ 
rule (Nettle and Box) or verticillaster (many Labintw), consisting of a few seasile 
ot shortly pedicillate flowers; and the anthela, which is a compound inflores- 
cence, in whieh the branches of the first order are gradually shorter from below 
upwards (or rather from without inwards), as in Juncacem. 

‘To s floral axis arising from the ground, with no leaves, or with only a fow 
‘bracts, bearing a single flower or » more or less complex inflorescence, the term 
scape in applicd, 


The Bracts (p. 79) are leaves borne on the inflorescence, in the 
axils of which the flowers are developed: there may be a single 
large bract, termed  spathe, enclosing the whole inflorescence, as in 
Palms and in the Arum Lily (Zantedeschia athiopica) where the 
bract is white ; or the bracts may be brightly coloured (petaloid), as 
in Poinsettia and other Ruphorbiacem where they are red, and in 
Leycesteria formosa, Melampyrum, etc. ; or the bracts may be scaly, 
forming an involuere round the inflorescence as in the Composite: 
the glumes of the Grasses are scaly bracts ; the bracts are frequently 
not very unlike the foliage-leaves, differing from them mainly in 
form and size, 

The portion of the floral axis below the flower (i.e. the peduncle 
or the pedicel) commonly bears one or more bracteoles or prophylla, 
In most Monocotyledons there is a single posterior prophyllam, 
whilst in most Dicotyledons there are two lateral prophylla. Tn 
some Monocotyledons, however (¢.g. Hydrocharidacem, such as 
Blodea, Vallisneria, Halophila; and Amaryllidacem, such as 
Galanthus, Narcissus, Leucojum, ote.), there are two lateral pro- 
phylla (remaining free in Hemanthus) which unite to form the 
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and the andrecium, as in the Passion-Flower, and in Orchids 
where the styles adhere to it forming the gynostemium or column; 
that (termed gynophore) between the andrascium and the gynwconm, 
as in Cleome (Capparidacem), some Gentians, and some Cruciferm: 
in Gynandropsis (Capparidaces) two internodes are developed, a 
gonophore and a gynophore. 

When the axis grows, as is usually the case, equally in all parts, 
the gynwceum, being nearest to its apex, is the uppermost part of 
the fower, When this is the case its insertion is above that of 
the andreecium and perianth (Fig. 310 H), and the ovary is said 
to be sxperior and the flower hypogynous, as in Ranunculus, Papa- 
ver, Lilium, and Primula. But in a great number of plants the 
perianth and andreciam are raised by the intercalary growth (see 
p- 17) of a lower portion of the axis (as represented by the outer 





Fro, 310.—Diagram of I hypogynous; P porigynous; E opigynons flowers; ¢ axias 
Roalyx; ¢corolia; ¢ stamons ; fcarpols ; n stigma, ak ovale, 

portion of the toras) and stand on a circular rim surrounding the 
upex of the axis which lies at a lower level, Of this condition 
two different forms oceur:—in the one, the carpels are inserted in 
the depression at the apex of the axis (Fig. 310 P), and there form 
one or more ovaries free from it, primarily at least, though they 
may subsequently become adherent to it; in such cases, as in the 
Rose and Apple, the flower is said to be perigynous: in the other, 
the ecarpels spring from the upper rim of the cavity which is 
formed by the axis itself and simply cover it in at the top; such 
flowers are said to be epigynous, and the ovary to be inferior, eg. 
Gourds and Umbelliferw (Pig. 310 EZ). Many transitional forms 
between these two extremes are found. 

Stipules are sometimes developed in connection with the floral 
eaves; thns in some Rosacew (Potentilla, Comarum, Geum, Al- 
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fonr or six leaves arranged in two whorls, consisting respectively 
of two or three leaves. 


For purposes of comparative description, it is convenient to 
regard each turn of the spiral in un acyclic or a hemicyelic flower 
as equivalent toa whorl: thus a well-defined series with } arrange- 
ment would represent two whorls. 

As in the case of the foliage-leaves (see p. 45), 80 in that of the 
floral leaves, the order of development is as a rule acropetal: 
hence each whorl of the flower is developed later than the one 
external to it, and earlier than the one internal to it. When, 
however, a series of floral organs is becoming degenerate, its de- 
velopment is retarded; for instance, in the Composite, Valeri- 
anacem,and Umbelliferw, the degenerate calyx is developed after 
the corolla, or even after the androsciuam, The members of each 
whorl may be developed cither simultaneonsly or successively. 

In their arrangement, also, the floral leaves resemble the toliage- 
leaves. When, in an acyclic or hemicyelic flower, the spiral is 
continuons with the same divergence from one series of floral 
organs to another, the members of the successive series lie on 
the same radii drawn from the centre of the flower, that is, they 
are directly superposed. A good example of this is afforded by 
the terminal flower of the inflorescence of Berberis (Fig. 311; 
occasionally in Epimedinm, and also in Gagea among Monocotyle- 
dons), where the stamens, petals, and sepals are all directly super- 
posed: similarly in Ternstroemia and Clasia, where the sepals and 
petals are in a continuous? spiral, the petals are superposed on 
the sepals. When, on the other hand, the divergence varies from 
‘one series to another, direct superposition does not occur, but some 
form of alternation, as is generally the case in acyclic flowers: for 
instance, the calyx of certain (pentamerons) forms of Anomone 
and other Ranunculacew is arranged with a 2 divergence, whereas 
the divergence of the stamens is 4'y or yy. In hemicyclic flowers 
with a simple spiral perianth and cyclic stamens (ey. Canna- 
‘binacew, Chenopodiacew, Amarantacew), the stamens are super- 
‘posed on the perianth-leaves. 

When the floral leaves are in whorls consisting of equal numbers 
of members, the general rule is that the members of the snecessive 
whorls alternate with each other: thus, in a flower with calyx, 
corolla, andracium, and gyneceum, each consisting of a single 
whorl of five members, the petals alternate with the sepals, the 
‘stamens with the petals, and the carpels with the stamens; and 
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be borne in mind, a general plan of arrangement will he detected, 
and the individoal peculiarities of arrangement, quilv apart from 
any variation in the form of the organs, will be seen to be due 
either to the suppression of one or more whorls or of one or more 
members of a whorl, or, more rarely, to # multiplication of the 
whorls or of their members. If; however, the organs which are 
absent, but which shonld typically be present, be indicated in the 
empirical diagram by dots, it becomes a theoretical diagram. In 
this way it is possible to arrive at general types on which large 
numbers of flowers are constructed. Fig. 313, for instance, is 
the empirical diagram of the flower of the Lily, and it is at the 
same time the type on which the flower of Grasses (Fig. 314) is 
constructed in which certain members are suppressed. 

In constructing a floral diagram the position of the main axis 
should be indicated by a dot placed above the diagram: the 
bract, which would of course be exactly opposite to it, may or may 


@ © © 





Fis. 313.—Floral Dingram Fro, 314,—Floral Diagram Fig, 316.—Florat Dia- 
of a Lity. ‘Of & Grass, gram of a Crucifer; the 
median stamens are 

duplicated. 


not be indicated: the side of the flower toward the main axis is 
enid to be posterior, und that toward the subtending bract, anterior, 
A plane which passes through the flower and also throngh the 
main stem and the median line of the bract is termed the median 
plane or section of the flower: the plane which cuts the median 
plane at right angles is the lateral plane or section: and the 
plane which bisects the angles made by the intersection of the 
median and lateral planes is the diagonal plane or section: any 
plone other than these is said to be oblique. By means of these 
conceptions the position of the parts of a flower may be accurately 
indicated: thus, in deseribing the flower of the Cruciferm (Fig. 
315), the two external sepals lic in the median plane; the two 
inner sepals, the two outer stamens, and the two carpela, in the 
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former is frequently realized (e.g. many Monocotyledons), Tho 
heterocyclic condition is due cither to the number of members in 
one or more of the whorls being smaller (oligomery) or greater (pleio- 
mery) than that which is the typical number. The commoner cases 
of oligomery are to be found in the whorls of sporophylls, especi- 
ally in the gynwceum: for instance, the typically pentamerous 
flower of the Saxifragaces: is heterocyclic because of the oli- 
gomerons (dimerous) gynweenm; similarly, in the Scrophula- 
riacew, the andreeciam is generally, and the gyneceum is always, 
oligomerous, the former consisting of but two or four stamens, the 
latter of but two ecarpels. Pleiomery is of less frequent oc- 
currence; however in the Cruciferm (Fig. 315) the whorls of the 
calyx, the outer whorl of stamens, and the gynmceum, are 
dimerous, but the corolla and the inner whorl of stamens are 
tetramerous and hence pleiomerous: similarly, one or more whorls 
of the andracium in the Papaveracem, Phytolaceaces, and Poly- 
gonaces, are pleiomerous: and probably in other cases where the 
number of the stamens is twice that of the petals or sepals, that 
is, where the flower is diplostemonous, the condition is due rather 
to pleiomery (duplication) of a single whorl than to the develop- 
ment of two whorls as is usually assumed (see below, under 
pleiotaxy). Pleiomery of the corolla is common in double flowers, 

Heteromery necessurily affects the alternation of the floral leaves 
of the successive whorls. Thus, in the Cruciferae, where thecalyx 
consists of two alternating dimerous whorls, and the corolla of a 
single tetramerous whorl, the foar petals alternate with the four 
sepals just as if the sepals all belonged to a single whorl, When, 
as is very frequently the case, the gynmceum is oligomerons, the 
carpels (or carpel) present do not appear to occapy any definite 
position with regard to the preceding organs. 

The Number of Whorls in the Flower. ‘The simplest case is that in 
which each series of floral organs—calyx, corolla, andreseium, gynw- 
eceum—ocenpies a single whorl, or is monocyclic: this is realised in 
a few nataral orders, either accompanied with regular alternation 
(e.g. Asclepias, Cornus, Caprifolincew generally, Iridacem, Orchi- 
dacew), or with antipetalous stamens (¢.g. Rhamnacew, Ampeli- 
dacem). In this case the flower is tetracyelic. 

More commonly one or more of the series may occupy two 
whorls, or be dicyclic. This is generally the case when the whorls 
are dimerons (ey. both corolla and andrmcium of Oleacew and 
Pamariacew: corolla of Papaver: calyx and androswium of Cruci- 
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due to the polycyclic development of the corolla, the additional 
whorls being either new formations, or the result of the more or 
less complete replace- 
ment of the sporophylls 
by petals. 

An important case is 
that to be fonnd in 
several Dicotyledonous 
orders (Ericacew, Fig. 
455, p. 655, Pyrolacew, 
Crassulacew, Fig. 318, 
Saxifragacee, some 
Caryophyllacee, Fig. 
317; Onagracem, Fig. 
323; Geraniacem, Ox- 
slidacew, ZygophyUacem, 
Rutacew, Fig. 317 C) 
where the flower is diplo- Fiala teecbernaiepeiae a mrs 
stemonous, and the  Fichler.) 
andreciam is apparently dicyclic: but the flower is not simply 
diplostemonons (as in the Monocotyledons), because the whorls do 
not alternate regularly; the stamens of the apparently outer whorl j 
are directly antipetalous, consequently the stamens of the inner 
whorl are antisepalous, and the carpels (in encyclic flowers) are 
antipetalons. Such flowers are said to be obdiplostemonous (Fig. 

317 C). 

A variation of the typical obdiplostemonons flowor is found in certain Caryo- 

phyliacew (c.g. Viscaria, Fig. 317 4; Lychnis, Cernstium, some species of 
° 














Fro. N7.—Floral diagrams of two Caryophyllaceous flowers Wnstrating two forms of 
oldipostemeny: 4 (Vucaria eulgaris) with antisopalous carpels: B (Spergula arvensis) 
with antipetalous carpels (ater Eleluer): C diagram of obiiplostemonous dower of 
Dicwmous, 
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oligotaxy and oligomery are frequently due to enppression, in the one case of 
‘one or more whorls, in the other of one or more members of a whorl, it must 
not be assumed that this is the only pomible explanation. On tho contrary, 
it is very probable that the simple structure of the flower in some plants (e.g. 
Urticales and Amentales among Dicotyledona) is not the result of suppression, 
but is itself typical: in other words, these flowers are probably to be regarded, 
not as reduced, but as primitive, belonging to plants which aro, it may be, of a 
relatively low type among Phanerogams, but which are on the up-grade, and 
not on the down-grade of organisation. The distinction of priwitive from 





portant morphological 
problem presented by co ZS Z~ 
Angiosperms, for until (o$ °) (te ef! “) 
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fication of the grou, 
and inconclusive. Nea ae 

The Relations of pilinabpop aingeg ey strep erp rer a 
Position between the oT malta i (After 
those which precede them on the floral azis, can be most readily 
made out in the case of a flower borne laterally on a main axis, 
the pedicel springing from the axil of a bract. Where, as in most 
Monocotyledons, the flower-stalk bears but a single bracteole or 
prophyllum (see p. 
4093), this is gener- 
ally situated op- 
posite to the bract 
(Fig. 319 A), that 
is, posteriorly to 
the flower; in this 
case the odd sepal 
of the trimerous 
ealyx is situated 
anteriorly. When, A B 
el eleanor 
tyledons, there are tte * 
ea pres posite to the bract bs B with lateral prophyllam (p)}. 
phylia (asually indicated as a and 8), one on each side of the 
flower-stalk, the position of the sepals varies according to the 
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in Dicotyledons when, as is frequently the case, the prophy!ta 
are not exactly lateral, but converge anteriorly or posteriorly, or 
are even anterior and posterior (Fig. 820 B). 

When the one or the two prophylla are suppressed, the position 
of the sepals may be the same as if the prophylla were present 
(eg. Cracifers); but, more commonly, the first sepals are de- 
veloped in the places of the missing prophylla. Thus, in the 
absence of two lateral prophylla, the first two sepals of a tetra- 
merous calyx are lateral (e.g. tetramerons calyx of Francoa, 
Epilobinm, Clarkia); again, in a trimerons calyx, the first nor- 
mally anterior sepal tends to be posterior when the single pos- 
terior prophyllom is absent (e.g. Orchis, Musa); and, further, in a 
pentamerous calyx the first and second sepals are postero-lateral 
(eg. Primula, Reseda) since the first sepal occupies the place of 
prophyllum a, and the second that of prophyllum , with slight 
posterior convergence. 

The Symmetry of the Flower, The flower presents all the 
varieties of symmetry which are discussed in Part I. (p.8); these 
are mainly determined by the number and the relative develop- 
ment of the floral leaves, and in a few cases by the development 
of the floral axis or receptacle. 

The symmetry may be radial or actinomorphic. When an eucyclic 
flower is also regular, that is, when the members of each whorl 
are similar to each other in size «nd form, it can be divided into 

ical halves by sections made in two or more planes, the 
halves produced by section in one plane being similar to those 
produced by section in one or more other planes. Such a flower 
is poly-ymmetrical (see p. 9). The number of these planes of 
symmetry depends upon the numerical constitution of the flower. 
Thos a regular eucyclic trimerons flower (e.g. Lilium and other 
Monocotyledons) can be so divided in three planes, the median 
and the two diagonals, that all the three pairs of resulting halves 
are exactly alike (Fig. 322 B). Similarly, the pentamerous flower 
of Primula, Geraniam, species of Campanula, is divisible in five 
planes (Fig. 322 4). But where the flower is tetramerous (eg. 
Pachsia, Riamnus cathartica, Euonymus europeus), there are but 
two planes of section, the median and the lateral, which will give 
exactly similar halves, though the flower is also symmetrically 
but diversely divisible in the diagonal planes (Fig. 323 A); or, 
again, where the flower is hexamerons (e.g. species of Sedum) it 
is symmetrically divisible in twelve planes, but the halves produced 
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Thus, when there are two carpels, the plane of symmetry is generally 
modian because the carpels are frequently median or, less com- 
monly, lateral (e.g. Vine minor, Ribes alpinum, Fig. 324 A, B): 
but when the two carpels are placed obliquely (e.g. many Solanacem, 
such as Petunia, Fig. 324 D; Datura, Hyoscyamus: Menyanthes 
among Gentianacem, Fig. 324 F'; Saxifraga), the plane of symmetry 
is oblique. Similarly, when the gynmceam is monomerous ov 
trimerous, if it is so situated that its plane of symmetry coincides 
with the median plane of the flower (#g. with monomerons 
gynecenm, Mirobilis, Mahonia; with trimerons gynmcenm, Pole- 
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Pro. 825.—Fioral diagrams Mustrating monoaymmetry due to ollgomery of the gynae- 
Geum) A Vinew minor; B Rides alpinum; in these the plane of symmetry is median: C Sexi. 
teagan, D Petonia; in these the plano of symmotry t& oblique: gl gland: «8 propbyliar 
E vormival flower of Gentiana verna, with median plane of aymmetry: F lateral Rower of 
Menyonthes trifolata, with oblique plane of symmetry; pp prophylia, (After Eichler.) 
ammonium; some Caryophyllacem including most species of Silene, 
Stellaria, Spergalaria, etc.; some Campanulacem; Deutsia crenata; 
Sambucus Lbulus, ete.), then the plane of symmetry of the flower 
3s the median plane; but when the plane of symmetry of the 
gynecenm is oblique (eg. with monomerous gynwceum, Berberis, 
Anacardiom; with trimerous gyneceum, some Malpighiacem, 
¥isculns) the plane of symmetry of the whole flower is oblique 
likewise. 
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* Violacew, Echium, Lobelia, Orchidacew, the marginal Bowers of 
the inflorescences in some Umbellifere and the ray-florets of some 
Compositm). The degree of irregularity in these flowers varies 
widely; the irregularity may be very slight, due to the more active 
growth of the leaves (perianth-leaves only, or stamens also) of 
one half of the flower, either the posterior (e.g. Gladiolas), or the 
anterior (¢.g. Amaryllis), which canses an npward or a downward 
carvatore; this is more marked in Dictamnus where the calyx 
and corolla tend to form two lips, an upper and a lower; this 
bilabiate form of flower is more fally developed in the calyx and 
corolla of the Labiate, the corolla (personate, the lips being closed) 
of the Serophulariacew, and of the Orchidacew and Lobelia. In 
not a few cases the irregularity of the flower is increased by the 
development of spurs from some portion of the perianth (eg. 


feature isoffered by 
the flowers of Orchis and of 
Lobelia which are resngrinate ; ~~ ~~ 
that is, in consequence of tor- oi B 
sion of the pedicel, the pos- 
teriorsideof the lower becomes syumetry tn mgvminvus Somer: Viet 
anterior. The plane of sym- Fba (Papilionem), B Cercis Sitiquostrnm 
Sei fa geeenlly matics x Seg, ais mente ce 
these flowers. 

Tn some few cases the irregularity, leading to dorsiventrality, 
ds due, not to the unequal development of the floral leaves, but 
to the configuration of the floral receptacle, so that the floral 
| deaves are not developed in a radially symmetrical manner (e.g, 

Reseda, Papilionew, Fig. 327). 

When in irregular flowers the single plane of symmetry is the 
mnodian plane, the flower is dorsiventral: but there ave other eases 
eg. flowors of some Fumariacew, Fumaria, Corydalis) in which 
‘he single plane of symmetry is the lateral; these flowers are 
Pherefore not dorsiventral, that is, they have ae: antero-posterior, 
‘Wut lateral, asymmetry. The zygomorphic symmetry of a flower 
Gs indicated in its floral formula by symbols; when the plane of 
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may be due to different canses in different cases: the flower is 
sometimes homochlamydeons, even though calyx and corolla are 
differentiated, because the sepals and petals are very similar, as 
in most Monocotyledons where the sepals are often petuloid: in 
other cases the flower is homochlamydeons, because only one 
series of perinnth-leaves is developed ; that is, becanse the flower 
is snonochlamydeous. The flower may be monochlamydeous be- 
cause, thongh typically dichlamydeons, either the calyx or the 
corolin is suppressed (¢.9. calyx suppressed in some Umbellifer 
and Composite; corolla sappressed in most Thymelwaces, 
Paronychiew, Glanx, some Rosacem, such as Alchemilla and 
Sanguisorba); where the corolla is suppressed or rudimentary the 
ealyx is frequently petaloid (e.g. Clematis, Anemone, Caltha, and 
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Fro, 3.—Floral dincramn fMlnsirating seyiamotrr. A Re: asymmetrical 
Domleyctic Hower of Hetyhininm Ajacit; B Doreiventrally axsmmetrical hetaroey lic flower 
Of Tropattum majua: C Asymmetry due tooligomory in Anychéa dichotoma (Paronychiom)s be 
mabtending bract ; p-p,a 8 prophylia; st stipules of bract and prophylia. (After Ricblor.) 


other Ranunculacem): or the flower may be monochlamydeons 
merely because the perianth is undifferentiated (simple), and is 
then generally sepaloid (¢.g. Urticacew, Betulacew, Proteacem, 
Chenopodiacem, ete.), or petaloid (eg. some Amarantacem, Phyto- 
laceacem, Nyctaginaces). 

Tt is not always easy to determine whether a homochlamydeons 
flower is dichlamydeous or monochlamydeous; but the decision is 
facilitated by the consideration that, as a rule, the calyx and 
corolla each consist of a single whorl of perianth-leaves in the 
Monoeotyledons, whereas in Dicotyledons the calyx generally con- 
tists of two whorls. Hence, in the absence of contrary informa- 
tion afforded by its development, a homochlamydeous flower having 
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serted in the middle of its dorsal surface, when it is dorsijtxed 
(Fig. 331 A); in the last case it may be articulated as by a joint, 
so that the anther with the connective can oscillate on the apex 
of the filament (versatile anther, Fig. 331 Q), as in Grasses and some 
other plants. Bat the connective is often broader, so that the two 
halves of the anther are widely separated (Fig. 331 B); it may be 
mach elongated (distractile) and very delicate, so that, with the 
filament, it forms a T-shaped body (Fig. 331 0); in this plant, 
the Sage, the further peculiarity is exhibited that one-half of the 
anther is abortive and is modified for another purpose. It is only 
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Fre. 331.—Stamen: A, Of Lilium: « Mla- Fre. %32.—A Stamen of Allium, ® 
ment; @ the dorsifixed anther, 4, Side ‘Of Vacoinium Myrtitive, O Of Paris 
view. U1 Of Tilin: ¢ connective. O Of qvadrifolia (mag.): f filament; 6 
Salvia, with doreifixed versatile anther > connective; @ anther; b appen= 
2b is the balf of the anther that has been dages; p the pores Uy which the 


modified. 1D Transverse section of we anther opens. 

anthor of Hypericum (mag.): p tho + 

potlem-4ace ; s connective, 

rarely, as in Herb Paris, that the connective is prolonged beyond 
the anther into a point, or into a bristle as in the Oleander. 

The filament is usually round and stalk-like, of a delicate 
coloured or colonrless tissue, with a central vascular bundle; it is 
occasionally fattened ; when it is very short or absent the anthers 
are sessile, 

In some plants, 2g. Allium (Fig. 332 A), the filament has 
what appear to be stipular appendages; in others, e.g. Erica (Fig. 
832 J8) and Asclepiadacem, the anther is furnished with appen- 
dages, such as spurs and so forth: in Viola, the spurs borne by 
the two anterior stamens are glandular. In certain plants the 
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by suppression (¢.g. carpellary flowers of Laurus nobilis), as well as 
in others where suppression of the pollen-sacs is incomplete (#.g. 
Canna, Trollius, some Lanracem); in the latter case the stamin- 
odia are frequently petaloid. In many acyclic flowers (ey. 
Nymphwa), the stamens and the petals are connected by inter- 
mediate structures, of which it is difficult to say whether they are 
to be regarded as petaloid stamens or as staminoid petals. 

The Microsporangia or Pollen-Sucs are borne on the anther, 
‘There are commonly four of them (quodrilocular anther), two 
forming a sorus in each longitudinal half (or theca) of the anther, 
situated usually side by side, but sometimes (Lauracew) one above 
the other; in the former case the typical arrangement seems to be 
that of ench pair of pollen-sacs one 
belongs to the anterior or inner 
surface of the anther, the other 
to the posterior or onter surface. 

In some cases, however, there 
are but two pollen-sacs — (bilo- 
enlay anther): this may be dne to 
the non-development of one longi- 
tudinal half of the anther (¢.g. 
Cucurbitacerw, Sulvin, Canna); or 
to branching (¢.g. Adoxa, Malva- 
cem); or to the abortion of one 
pollen-sac, generally the posterior 
one, of each pair (eg. Asclepia- 
dacew, Grubbia) ; or (some Lanra- 
cow) of the upper or lower one of ee ee a ee 
each pair; or, finally, to the early ways: ff the basal portions of the 
fusion of the archesporia of two compoundiy-branched stamens; 9 the 
adjacent pollen-sacx (some Orchi. “2he™ (After Bache) 
dacew). In the Aracem the process of fusion is carried to such 
an extent that all four archesporia fuse, so that the anther is uni- 
locular. 

Rarely (¢.g. Sarcophyte, among Balanophoracee) the anther 
bears namerons pollen-sacs: the pollen-sac is sometimes multi- 
locular (see p. 433). 

Each pollen-sac encloses an archesporiam from which the 
mother-cells of the microspores (pollen-grains) are developed by 
division: each group of spore-mother-cells is invested by a layer 
of granular cells, the tapetum (Fig. 281 t), which eventually be- 
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areas which are easily removed (e.g. Cucurbitacem, Fig. 242). 
‘These points are definite in number (1, 2, 3, 4, or more), sometimes 
very namerous (Malvucew). 

The Gyneceum or Pistil is always the terminal structure of the 
flower, occupying the apex of the 
floral axis. It consists of the 
macrusporuphylls or carpels, which, 
in the Angiosperms form the 
whole or part of the ovaries, that 
is, closed cavities containing the 
ovules. If in a flower where 
there are several carpels, each of 
them closes by the cohesion of — Fre. 334—Germinating pollon-yrain of 
it margins they form 4o many Ree Ohms) bags lr 
ovaries; the gynwceum is then nee wanes ty ee eases Sa 
said to be apocarpous (Fig, 335.4), pation of the formation o 
eg. Ranunculus, Pwoma, and Shen ig aes 
Butomus ; if there is only one earpel (Fig. 335 B), the pistil is 
said to be apocarpous and simple; if several carpels in one flower 
eohere and form a single ovary (Fig. 335 0), the gynmceum is said 
to be syncarpous, e.g. Poppy and Lily. Intermediate forms oceur 
in that the carpels may cohere by their lower ends whilst their 
upper ends remain free (Vig. 335 D), 

‘The ovary is said to be monomerous when it is formed of only 
one carpel (Fig. 336 A), the margins of which cohere on the side 


Veh. 


hviem Apooarpons gynzecum of Aconite, B Simple apocarpous gynmroum of 

© Tetramerous synearpous gynaceam of Rhamnus cathartica. D Ovary of 

ee eae rae ies sine oink lvoe towards the top: & torus; Js ovaries; 
geyle; wetigma; b ventral suture. 

opposite to the midrib. The outer side along which the midrib 

runs is the dorsal surface (Fig. 336 Ar), and the midrib itsclf is 

the dorsal suture; opposite to it is the line of cohesion, the ventral 


— 











| ' 
GKOUP IV.—PHANEROGAMIA: ANGIOSPERM™, 525 
‘ 


‘The position of attachment is a point of descriptive. importance, 
more especially where the number of ovules is small, or where there 
is bnt one, in the loculus. When the ovule is attached to the top of 
the carpel, so that it hangs into the loculus, it is said to be pendulous ; 
when it is attached high up, but at the side, it is suspended; when 
it is attached to the side and projects straight, it is horizontal; 
when it is attached at the side, bat towards the base of the carpel, 
and stands up into the loculus, it is ascending. 








Fre, 358,—Dingrams of the difforent modes of Macentation. A Monomerous wary of 
Hellehorus, opened along the ventral sutare; ¢ tue ovales on (9) the margiual placenta, 
Bi Tratesverse section of the ovary of Nicotiana: f wall of the ovary; @ placenta, largely 
developed by the union of the margins of the carpels uxile placentation). C Trunaverso 
section of the ovary of Butomus, The ovules are sonttered over the whole of the inner 
farface, except the midrib, m (superficial plagentation). D Longitadinal section of an 
ovary of one of the Comporiim: f the wall; the erect, anstropous ovule (*) grows from the 
tase by the side of the apex of tho axis, a. RB Longitudinal aetion of the ovary of one of 
the Ombolliferm; in each chamber an anatropous ovulo is suspended. F Longitudinal 
section of Rheom; « single erect orthotropous orule grows at the apex of the floral axis, 
@ Longitudinal section of the ovary of one of the Primulacem; the ovules grow on # 
prolomystion of the axis (Cree cestral piacentation). Fig, 336 2 representa parietal 
Placeatation. 


When the ovules are borne, either actually or apparently, by the 
axis, the placentation is said to be axial. When many ovules are 
borne on the axial placenta (as in the Primulacem, Santalacem, ete., 
Fig. 338 @), the placentation is termed free central. When there 
is but a single ovule in the loculus, the placentation is basilar or 
basal, and the ovule is erect: in this case the ovule is borne either 
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In Casuarina the pollen-tnbe does not enter the ovary. by the style, but makes 
its way through the tissue of the wall of the ovary into the placenta, whence it 
penetrates into the ovule by the chalaza: the pollen-tube now grows towards 
the micropylar end of the ovule through one of the elongated sterile macro- 
spores (fee p. 438), and comes into close relation with the fertile macrospre, 
without, however, entering it; the male cell is apparently extruded from te 
pollen-tube into the macrospore, and entera the oosphere from below. Tie ter- 
minal portion of the pollen-tube becomes, in this case, completely abstricted of 
from the rest: and generally, when the pollen-tube is very long, the terminal 
portion becomes shut off from the rest by a plug of cellnlose. Some other 
Amentales (Corylus, Carpinus, Alnus, Betula) also are chulazogamic. 

The Results of Fertilisation. The Seed is described on p. 458 

The Fruit, In view of the variety in the structure and morph 
ology of the fruit of Angiosperms, a somewhat detailed account of 
it is necessary. : 

The word fruit, in its strictest sense, means the whole prodact 
of the development of the gynwceum as aresult of fertilisation. If 
other parts of the flower take part in the formation of the organ 
which is formed in consequence of fertilisation, and which contains 
the seed (of what, in short, is commonly called the fruit), it is 
termed a spurious fruit or pseudocarp. The apple, for instance, is 
such a spurious fruit, for the outer ficshy part belongs to that 
part of the axis of the perigynous flower which surronnds the 
ovaries and which still bears the sepals (Fig. 2 A). What are 
called the pips of the apple are the seeds. This kind of spurious 
fruit is termed a pome. The strawberry also is a spurious fruit: 
in it the receptacle, which belongs of course to the axis, de 
velopes largely and becomes fleshy and bears the true fruits 
(achenes) in the form of small hard grains. The fig is another 
example of a spurious fruit; it is in fact a fleshy receptacle 
(i.e. an axis) which bears a multitude of distinct flowers situated 
inside the cavity of the receptacle, and the individaal fraits 
appear as hard grains; such a fruit is termed a sycunus. Again, 
when the ovaries and floral envelopes of closely crowded flowers, 
as in the Mulberry and the Pine-apple, become succulent, a kind 
of spurious fruit is formed which is termed a sorosie. 

In other cases, a husk, called the cupule is formed, which contri- 
butes to the formation of a spurious fruit: this is formed by the 
bracteoles and is not developed until after fertilisation ; it may 
surround either a solitary distinct fruit, like the acorn-cup, of 
several distinct fruits, like the four-valved spiky busk of the 
Beech-tree or the prickly husk of the edible Chestnat. 
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When the fruit consists of one or more monomerous ovaries, it 
is said to be apocarpons: examples of this oceur in Ranunculus, in 
the Raspberry, where the individual ovaries are succulent, and in 


the Star-Anise (Fig. 340). Vhe individual 
frnits may be developed in very different 
ways; they may be dehiscent or Ss 
cent, dry or succulent. 

When the froit consists of a State poly- 
tmerons ovary, it is said to be syucarpous. 
When the carpels of savh a fruit separate 
septicidally during the process of ripening, 
so that it ultimately appears as if a nomber 
of distinct frnits were present, it is termed 
a schizocerp: it may thus aplit into only 


Fie. 340.—Fraitof Micinm 
Anisatums at peduncles ff 
the separate fraite, each 
with «seed (9) forming an 
‘apocarpous fructification. 


two distinet fruits, as in the Umbelliferm (Fig. 841); or, as in the 
Geraniacew and many Malvacem, into several distinct frnits: each 
of them is termed a coccus or mericarp; the individual cocous 
is generally indehiscont (dehiscent in most Euphorbiacew), 

In various multilocalar ovaries only one loculus becomes fally 


developed and bears seeds, as in Valerinn, 
the Coco-Nut, and the Oak; the others 
are abortive. It sometimes happens in 
cultivated plants that the fruit becomes 
perfustly formed without any development 
of seed,as in a particular seedless variety 
of Grape, the Banana, the Pine-Apple, 
ete, 

Tn all trne fruits the wall of the ovary 
forms the pericarp or rind. In some more 
or less succulent fruits, the pericarp con- 
sists of three distinct Inyers; the external 
layer is the epicarp, the middle the meso- 
carp, and the innermost the endocarp. 


‘The following varietios of truo fruits have been 
istingwished by the character of the pericarp, 
whether it is dry or succulent, bard or soft, —and by 
the debiseenoe or indehiscence of the pericarp, 

A. Dny Favirs. The perioarp is woody or cori- 
aceous; when ripe, the sap has usually disappeared 
from all the cells. 

L. Dey Indehiscent Fruits. The periearp does not 


Fra, M1.—Carem Carui, 
one af the Umbellifers, A 
Ovary of the flower (f). 
B Ripe esobizocarp which 
uns divided inte two cacoi 
or mericarpe (m), ® portion 
of the modian wall (a) forme 
the carpopbore. 
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rupture, but encloses the seed until germination ; the testa is usually thin, and 
frequently coalescent with the pericarp. 
(1) One-seeded fruits : 

(a) The nut (glans), e.g. Acorn, Hazel-Nut (but not the Walnot): the 
dry pericarp is hard and sclerenchymatous: it is inferior and sm 
carpous. 

(8) The achene is superior and monomerous: the pericarp is thin and 
coriaceous; ¢.g. the Rose and the Buttercup. The similar frat 
of the Composite is a cypsela; it is inferior and dimerous. 

The fruit of Grasses, termed a curyopsis, is very similar to the 
achene ; it differs from it in that the testa and the pericarp cluce’y 
adhere, whereas in the achene they are not adherent. 
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Fre, 312.—Dry debiscont fruits, 4 The pod (legume) of the Pea: ¢ the dorsal sursre; $ 
the ventral; ccalyx; s seeds. B Septicidal capsule of Colchicum autumnale: f/f the tree 







C Biliqua of Brassica; k the valves; w the dissepiment and plscente 
(replum); s seeds ; g style; n stizma. D Capsule, opening by pores, of Papaver somnijires 
the Poppy ; » stigma; j the pores which open by the removal of the valves (a).  Pyxidus 
of Hyoscyamus ; d the lid; w the dissepiment; s seeds, 


separating carpels, 


(2) Many-seeded fruits: these (schizocarps) commonly split into one-seeded 
fruits, which usually enclose the solitary seeds until germination: eg. the 
Umbellifere (Fig. 341) and Maple, with two mericarps; the Geraniscee, vith 
five mericarps; and most Malvacem, where the fruit is termed a carcerule, 1A 
splits into many mericarps (see p. 532, and Fig. 413). 
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te pericarp of dry indehiscent fruits is sometimes developed into = . 
ous wing (¢.9. Ash, Elm, Birch); to such a fenit the term samara is | : 
‘ruit of the Maple is a double samara (Fig. 418). ko 
+ Dry Dehiscent Fruits, Tho pericarp raptures and allows theeeeds, which 
iy ayo wm and thik ot to escape :—they are commonly many- 


Pistieees ta geahas 

(a) The folticte, consisting of a single carpel which dohisces along the 
‘ventral suture, where also the seeds are borne, ¢.9, Pmonia and 
Illicinm (Fig. 840); but sometimes (e.g, Magnolia) along the dorsal 
sutare; it is superior, 

(Y) Tho legume or pod likewise consists of but one carpel which dehisces 
along both the dorsal and ventral sutures (Fig. 842 4, trang- 
verse section Fig. $36 4): eg. the Vetch, Poa, Bean, and many 

_ other Legnminosw; in some cases (Astragalus) a spurious dissepi- 
ment oceurs: it is 

Tho lomentum is a modification of the legume; it is constricted 
between the seeds, and it ia either indehiscent or it breake across, 
when ripe, at the constricted parts. It occurs in the Hedysarew. 

(ce) The eiligua consists of two coherent carpéla. The two earpela 
when ripe separate from the base upwards into two valves, leaving 
their margins (with the parietal placentw and the spurions dis- 
fepiment) attached, as a frame or replum, to the apex of the 
pedicel; e.g. Rapo, Mustard, and most of the Oraciferm (Pig. $42 
C): it is superior. 

When the siliqua is short and broad, it is termed a siMfewts, as 
fn Thlaspi and Capsella, In some cases, as in the Radish, the 
siliqua is jointed and indebiseent, breaking transversely into one- 
seeded portions. It resembles the lomentum, and ie therefore 
said to be lomentaceous. 

(@) The capaule is derived from a polymerous syncarpons ovary which 
may be uni- or multilocular; it splits into two or more valves, 
either for a short distance only from the apex downwards, or down 
to the very base (Fig. 842 B). If the carpols become ecparated 
from each other, and in the case of multiloenlar ovaries this in- 
volves the splitting of the dissepiments (Fig. 343 4), the dehiscence 
in said to be septicidal; if, on the other hand, each carpel aplite 
along its dorval sutore, the dehiscence is said to be loculicidul 
(Pig. 843 B). In either form of dehisoence in a multilocular ovary 
the placentw may either adhere to the valves (Fig. $48 2), or re- 
main united into a central column which is free from tho valves; 
in the latter case the debiseonce is further described as being 
septifragal (Fig, $43 C). 

The capsule ie usually superior, but sometimes, as in Tridacem 
and Campanulacom, it is inferior; a special term, diploteyium, is 
applied to the inferior capsule by some authors. 

{) The form of capsnle known aa a pyridium has « transverse dehiscence, 
io Plantago, Anagallis, Hyoscyamus (Fig. 342 £); the upper part falls off 
a lid. 
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‘The stem of Monocotyledons is traversed longitndinally (Fig. 
132, p. 172) by scattered. closed vascular bundles (Fig. 187); it 
has therefore no growth in thickness by the means of cambium. 
In a few genera only, as Yucca and Dracwna, it grows subse- 
quently in thickness by the formation of meristem in the pericycle 
from which additional closed vascular bundles are developed (see 
p. 205, and Fig. 154). 

The axis of the embryo in many cases continues to be the main 
axis of the plant; at first it is thin and weak, and since no 

















the raiicle; el the rootabeath (coleorbies); m place of exitof the radicle, corresponding 
with tho mieropyle of the ovule; p the tunicle; ep vascular bundio in the funiole; / 
‘Uateral rurface of tho furrow (x 14). (Afier Straabarger.) 
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than one of the carpels (whether the gynwceum be apocarpous or 
synearpous) developes into the fruit: the fruit is generally bac- | 
cate or drupaceons, one-seeded : the seed is large, and the contained 
endosperm is horny. 
Their mode of growth is somewhat various. Most palms bear | 
their leaves closely arranged in a crown at the top of a tall or of 
a quite short stem, which is clothed for some distance below its 
apex with the remains of the older withered leaves. But in some 
genera, e.g. Calamus, the stems creep or climb and the leaves are 
inserted at some distance from each other, The blade of the 
leaf commonly splits in the course of its growth, assuming a com- 
pound palmate or pinnate form (see p. 54), The inflorescence 
is invested by bracts: there is usually a large bract (spathe) which 
envelopes the whole inflorescence when young, 
and other, inner, bracts which either partially 
invest it or (when branched) its branches. 
Palma chiefly inhabit the tropics, particn- 
larly the Moluccas, Brazil, and the region of 
the Orinoco, and the different genera belong 
exclusively (at least originally) either to the 
Old or to the New World. 


Fam, 1. Coryphing; the gynwceum consists of three 
free, or but slightly coherent, carpels: fruita 1-8, bac- 
cate: the leaf-segments are concave above, Phenix 
dactylifera (the Date Palm) a native of Axia and Africa, & 
has pinnatifid leaves. Of the threo ovaries, one only Fie. 351.—Part of the 
developes to form the fruit which is known as the Date; — panicle of mnorosporun- 
the stone of the Date consists of a very thin testa en- pedettnts hea § 
closing the large mass of hard endosperm in which the za axis; a 
embryo is imbedided. Chamerops humilis isa frequently meres Hy 
sultivated ornamental plant, with fan-like leaves, which — perianih ; Sorary (x Se 
belongs to the Mediterrancan region. 

Pam. 2. Borassine : ovary syncarpons, trilocular at its base; frait 1-3 
‘seeded, amooth, dropaceons, with hard endocarp: leaves fan-shaped, the seg- 
‘ments concave above. To this family belong Hyphane thebaica, the Doum 
Palin of Egypt; and Borassus flabelliformis, the Palmyra of India and Africa, 

Pam. 8, Lepidocaryina : ovary syncarpous, trilocular: frait covered with 
scales, enclosing 4 single seed : leaf-segments convex above. 

Mauritia is an American genus. Raphia, an African genus, but occurring 
fa America, is one of the few instances in which a genus of Palma is repre- 
sented in both the New and the Old Worlds: from its leaves “ Raphia-bast " 
is obtained; R. vinifera is the Bamboo Palm from which Palin-wine is made in 
Africa. Metrozyion (u-Sagus) Rumphii and lave, growing in the Moluceas, 
ure the plants from which Sago is obtained ; it consists of the starch-graing 

¥, 8. B, NN 
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Svn-Crass I1—GLUMIFLOR A. 


Plowers ambisporangiate or monosporangiate and then mostly 
monescions, usnally in heads or spikelets invested by imbricate 
bracts: perianth absent, or scaly; ovary superior, uni- or multi- 
locular, with one ovule in the loculus: seeds with endosperm. 


Cohort 1. Glumales. Ovary unilocular: ovule erect. 


Order 1. Graminacem, True Grasses. The leaves are alternate 
on the stem, which is known as the haulm; the embryo lies on the 
side of the endosperm (Figs. 346-7). The nsually ambisporangiate 
flowers generally have the formula KO, CO, A3 + 0, G1; they are 
enclosed by bracts here termed paler, and are arranged in compli- 
cated inflorescences; the monomerous nnilocular ovary contains 
only one ovule; the grain is the fruit, a caryopsis, to which one 
(the inferior) or, less commonly, both, of the palew sometimes 
adhere, e.g. Barley and Outs. 

‘The flower is sessile in the 
axil of  bract, which is 
termed the inferior or outer 
polea, sometimes also called 
the jlowering-glume (Fig, 355 
by, by...), and there is also a 
bracteole opposite to and — Pya, 353.—Dingrams of Graneflowern A 
somewhat higher than this Bam)us, B Common typo of Graminacem, 
which is termed the superior In 4 there are thres, in B two lodicalea, 
or inner palea (Pig. 355 ps). The two palew completely enclose 
the flower. 

Within the inferior palea are usnally two small (antero-lateral) 
seales, the lodicules (sometimes only a single anterior one, 
Meliea), and occasionally (e.g. Stipa, some Bambusew Fig. 353 A), 
there ia a third scale situated posteriorly within the superior 
palea. Those lodicules are frequently regarded as rudimentary 





are bracteoles, the two antero-lateral lodicules representing the 
two halves of a single bracteole, present, as such, in Melica. 
They grow and become succulent at the time of flowering, thus 
foreing apart the pale and the glumes (Fig. 354). Usually two 
or more flowers, thus enclosed by palew, are present on an axis 
(Fig. 355 z), and constitute the spikelet of the Grass, and beneath 
the lowest flower there are usually two (or more) bracts which 





perianth-leaves (Fig. 353), but it is more probable that they 
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position of the branches of the panicle is more or less bilateral ; 
dorsiventral, when (e.g. Festuca) the branchlets of the main 
branches of the pavicle all arise on the same side (uuilateral or 
seound panicle). 

‘The andreecium consists commonly of one (Fig. 353 B) or two 
(A) whorls of 2-3 stamens; when there is but one whorl of 
stamens, it corresponds to the outer whorl in those flowers in 
which two whorls are present, Sometimes (eg. Luziola, Ochlandra, 
Pariana) the stamens are numerous (abont 18-20), or there may 
be but one or two. When there are normally only two stamens, 
they are asually situated in the median plane (e.g. Anthoxantham), 
sometimes in the Jateral plane (¢.g. Coleanthus); but where this 
is the result of suppression (Diarrhena, Orthoclada) they are 
postero-lateral, the anterior stamen being suppressed : when there 
is only a single stamen, this is generally the anterior atamen (e.g. 
species of Festuca and Andropogon), the two postero-lateral 
stamens being suppressed. 

The monomerous gyne@ceum consists of a single median carpel 
(Fig. 353), bearing 1-3 styles (see p. 524): the single, somewhat 
campylotropous ovale is sessile on the ventral suture of the carpel. 

‘The stem is generally characterised by swollen or tumid nodes, 
to which the sheathing leaf-bases contribute, The long internodes 
are hollow: the sheathing leaf-bases are largely developed, and 
frequently extend over several internodes. A membranous ligule 
is developed at the junction of leaf-base and lamina (see p. 48; 
Fig. 28). 


The more common Grasses are classified as follows :— 

Series d, Pamiooinna®: spikelet one-flowered, or sometimes two-flowered 
and then the lower flower is imperfect; articulated so that it falls off entire 
alter flowering; no prolongation of the axis beyond the flower. 

Tribe 1. Pawicee: spikelets dorsally empressed, in compound spikes: 
glumes 3, of which the lowest is the sinallest: inferior palea without an awn. 

Pauicum glabrum (Digitaria humiswea), P, (Kehinechloa) Crus-galli, and P. 
(Setaria) viride occur occasionally on cultivated land. P. mitiaceum yields 
Millet (Fig. 354). 

Tribe 2. Maydew: the diclinous flowers are in distinct epikeleta; the twa 
kinds of spikelets usually form distinet inflorescences, but sometimes they occur 
in different parte of the same inflorescence: the lowest glume is the largest, 

Zza Mais, the Maixe Plant, cultivated in warm countries, is a native of 
Tropica! America: the { spikelets form a loose panicle at the apex of the 
haalm, and the Q flowers are borne laterally on a thick spadix, which is en- 
sheathed by leaves, Coix belongs to this tribe, 


i 
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Arena, the Oat-Grass, has loose panicles, and a two-toothed inferior pales; of 
this genus there are many species ; A. fatia (Wild Oats, or Havers), pratensis 
and puhescens, are common in cornfields and meadows. The following species 
are cultivated : A. sativa, the Oat (Fig. 356 4), with its panicles in various 
planes; 4. orientalis, with its panicles in one plane; 4. strigova, with a hairy 
floral axis; and A. nuda, the spikelets of which usually consist of three flowers. 
Trisctum (Avena) slavescens, the yellow Ont-Grass, with a free fruit, occurs in 
pastures. Aira (Deschampsia) cespitosa, and fleruora, Hair-Grasses, have truneate 
inferior palew, and are common in meadows and woods. Holeus, the Honey- 
Graas, has spikelets consisting of two flowers, the upper of which iy usually ¢ 
and the leaf-sheaths are covered with silky hairs; it is common in damp meadows. 
Jo Arrhenathorum, the False Ont-Grass, the lower of the two flowers is 3. 

Tribe 8. Festueee: the spikelets are usually many-flowered, and the glumes 
shorter than the inferior palew which either have no awn or a straight terminal 
awn. Melica, the Melic-Grazs, has sometimes spikeleta consisting of a single 
flower only: the glames are long; it is common in woods. Molinta eerutea hag 
a very long haulm, consisting for the most part of a single internode ; its spike- 
Jets are in loose purplish panicles; it occurs on moors. Briza, the Quaking- 
Grass, has spikelets which aro compressed laterally and are cordate at the base; 
‘itis common in meadows. Koeleria cristata has dense panitles ; it is common 
indry meadows. Dactylis glomerata, the Cock's-foot Grass, has dense panicles 
divided into parts which bave longer stalks; it is common in meadows. Poa 
pratensis, trivialis, ete. (Meadow-Grass), are common in meadows; their spikelets 
are compressed laterally; the glames have a sharp keel; P. annua is common 
by the roadside, Other Meadow-Grasses are Glyceria aquatica and jluitans, 
with obtuse aneqaal glumes, and a lower palea with 5-7 prominent parallel 
veins, growing in dilches ; and Schlerochloa maritima, distans, etc., growing in 
salt marshes and by the eca-shore, with acute unequal glames. In all the 
Meadow-Grasses, the fruit is froo from the paloew. Festuca clatior, and others, the 
Foescue-Grasses, are common in meadows. Bromus, the Brome-Grass, of which 
there are several species, is common in felde (2B. secalinus), in mendows (B, 
racemosa and others), by the roadside (B. sterilis and mallis), Brachypodinm, 
with alortly-stalked spikelets in a simple raceme, and unequal glames, is common 
in woods (J. aylvaticnm) and on heaths (#. pinnatum), In Phragmites the 
axis of the apikelet is covered with long silky hairs; Phragmites communts, the 
Reed, occurs abundantly in marshes. Sesleria corrulea, the Moor-Grass, has 
laterally compressed spikeleta in dense panicles, Gyneriam, the Pampas- 
Grass, alao belongs here; it is diwcious. The upper flowers in the spikelets 
of plants belonging to this tribe are often unisexual, and g ; Phragmites is 
peculiar in that the lower flower of the spikelet ia ¢. 

‘Tribe 9. Chloride: spikeleta laterally compreaséd, nsually 1-flowered, sessile, 
in compound spikes: glumes 2 Cyrnodon Duactylon, the Dog's-tooth Grass, ix 
often abundant on waste ground. Spartina stricta oocurs in salt-marshos, 

Tribe 10. Mordex ; spikolots solitury, or 2 or 3 together, 1- or many-flowered, 
situated in depressions on the main Aurel axis nearly always in two opposite 
rows, forming the so-called spike: glumes 1-2. In Lolium, the Bye-Grass 
(L. perenne, Darnel, is common everywhere), the posterior surface (that ix, the 
middle linw of the posterior glume) is directed towards tho main axis, and this 


— 
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form spikes, panicles, umbels, or capitula: the flower has the formula 
‘KB, 03, A3+-0 or 3, G2. | 
Cyperus, the Galingale, has many-flowered compressed spikelets with 
deciduons bracts or glumes: Schanus, the Bog-Rosh, has few-flowered (1-4) 
spikelets with persistent glumes: ©. longus and fusews, and S. nigricans, | 
occur in England. Cyperus Papyrus (Papyrus Antiquorum) is an Egyptian | 
species from which the Papyrus of the ancients wax made. 
Scirpus, the Club-Rush, has a bristly perianth, cylindrical spikelets, and the 
glumes are imbrioate on all sides; in some species the spikelets are solitary, 
as in Scirpus coespitenus, in others there are lateral spikelets, in addition, on 
short stalks, as in S,/acustrie (the true Bulrnush), or on long stalke, as in S. 
tyleations. Eriophorum polystachium and other species (Cotton-grass) are 


Fro, 387,—A Flower of Selrpus (magnified): Fig. 98.—Flower Aj Carex on 
Ptho bristly perianch; a the three stamens; A & flower with (b) bract (giume); # 
J the ovary: © the throe stigmata. #B Ie second bract (utricalms); f ovary; ® 
fora) dingram. atigeaa. B ¢ flower: sf the three 

stomens; aanthers, © Diagram of the 


Q and (1) of the dg flower: + axis of the 
spike ; b bract (glume); s second bracts 


common on bogey moors; the hairs of the perianth, after flowering, grow ton 
con-ilerable length, 

Tribe 2. Caricoidee: spikelets cylindrical; flowérs monosporangiate; 
perinuth 0. 

‘These plants have diclinous (sometimes dimeions) flowers. In the genus 
Carex the ¢ flowers have the formula K0, CO, 4340, G0; they are situated in 
the axils of bracts (glumes) (Fig. 868 8 and D) and form simple spikes. The ? 
flowers have the formula K0, CO, 40+0, G@ or © and are not sessile in the 
‘axils of the glumes (4 in Fig. 358 4 and ©), but a short branch eprings from 
the axi! of each of these leaves bearing a second bract (¢ in the Fig.) and it 
is im the axil of this second bract that the ? flower, which consists of a 
trimerons, or more rarely, dimerous (in Carex dioica and puliearis, ete.) ovary, 
is situated. The second bract increases greatly and invests the fruit (aud the 
short branch which sometimes projects beyond the fruit as a seta), forming the 
so-called utriculus: thie stracture has been regarded as a perianth, and termed 
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crowded on the broad receptacle. The main axis of the inflorescence hears 
whorls of branches which have a helicoid ramification. It is rather common in 
damp spots. Damaronium steliatum, the Star-fruit, is found in ditches In the 
South of England: it has two-secded ovaries. 

Sagittaria sagittefolia, the Arrowhead, has monacious flowers with the 
formula K3, 3, $ d ~, 9? G*®, The flowors are disposed in trimerous whorls, 
the ¢ in the apper and the 2 in the lower whorls, The anthers are extrorse. 
‘The ovarics, which are very numerous and one-seeded, are inserted on a fleshy 
reeeplicle. Only the sugittate leaves aud the inflorescence appear above the 
water. 


Order 4. Butomace®. Flowers never monosporangiate; general 
floral formula the same as in Alismacem; anthers introrse ; carpels 
distinct ; ovules nomerous, with superficial placentation; embryo 
straight or curved. 


Butomus wmbeVatus is 
the Flowering Rush (Figs. 
360 4, 361), The flowers, 
which have violet petals, 
have the following for- 
mula: KS, C3, 48%+8, 
G*3; they are arranged 
in an umbellate helicoid 
eyme at the apex of the 
scape, which ix about 3 
fowt high; thia and the 
leaves, which are of about 
the same length, wpring 
from an underground rhi- 
zome. The ovules, which 
are numerous, are borne 
on the inner surface of Fro. 361.—Bufomus wmbetlatus, a Flowor (unt, alee). \ 
the carpols (Fig. 838 C):  Gynwowum (mag.); 0 stigmas, I Dingram: » p 
the ombryo is straight, perianth, f stamens of the outer whorl duplicate: /" 

Tho other gener all ‘mss of tho inner whorl; ¢ outer, and o’ inner whorl 
have a curved embryo: in ee ere 
‘Tenagocharis (Butomopsis) there are nine stamens and six earpela: in Hydro- 
eleis there are indefinite stamons (some sterile) and six carpels: in Limnocharis 
both the stawens (some sterile) and carpels are indefinite. 





Sub-series, Syncarpe. 
Gyneceum synearpous. 


Cohort 1. Commelynales, Perianth heterochlamydeous; 
seeds with starchy endosperm. 
Order 1, Xyuwaces. Herbaccons sedge-like plants; floral 


GROUP IV.—PHANEROGAMIA: ANGIOSPERM&: MONOCOTYLEDONES. 557 


ee usually extrorse anthers, and separate styles. Mostly rhizomatous 
plants. 

Not msny genera are common in cultivation; among these Gloriosa, Uvularia, 
and Veratrum may be mentioned; Veratrum album and nigrum have broud 
ovate leaves. fo eu. 

Tofieldia palustriepw Reottish Asphodel, has ensiform radical leaves; the 
flowers, whipi are. puld ‘grbén, are dis in @ raceme on a scape, it aeonra 





Pre. 63.—Tho underground part ofa flowering plant of Colchicum auluwnele, 4 Seon 
In front; k the corm; # #” eataphylisry lenyes embracing tho fowor-stall; wh its base, 
from whieh proceed the roots, w. B Longitadinal seovions hha brown membrane which 
enrelops Bll the underground parts of the plant; st the Mower and leaf-slalk of the 
Previous your which bas died down, {ts swollen basal portion (k) only remaining as a 
reservoir of food-materisis for tho new plant now io flower, Tho new plant ts © Internal 
shoot from the base of the corm (2), consisting of the axis, from the base of which proceed 
the roots (10), and the middle part of which (k’)awellx up in the next year inte » corm, the 
‘old corm (x) dissppearing ; the axis bears the sheath-lenves (* ¢ «) and the folinge-lanves 
@ ©); the flowers (b 4’) are placed in the axils of the uppermost foliage-lonvos, the axis 
fieelf terminating amongst the flowera. (Afver Sachs.) 


= 
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the diotinous flowers are borne in the axils of minute leaves. Parte quadrifolia 
(Horb Paris) is poisonous: the flowers are tetramerous, or exceptionally tri- 
merous or pentamerous: they are terminal, and the stem beneath bears four 
(or three or fire) leaves in & whorl beneath the flower (Fig, 864); the venation 
of the leaves is reticulate, ‘Trillium, the Wood Lily, is frequently cultivated. 
Aspidistra lurida is the Parlour Palm. 

Maianthemum bifolium, Paris quadrifolia, Ruseus aculeatus, Convallaria 
are Polygonatum verticillatum, multiflorum, and officinale, are wild in 

gland. 

Sab-order 7. Sarrtacomes, scrambling shrubs, having 3-5 ribbed leaves with 
of Smilax constitute Sarsaparilla, 

‘The otber sub-orders are; Ornrtoro- 
eoxoines, of which Opbiopogon and 
Sansevieria are the more familiar 
goners: Anernorpea, Aletris (Star- 
Grass) cultivated in gardens; Lozv- 
nucowes, Lapageria cultivated in 
greenhouses, 


Order 2. Joxcacex. Floral 
formula, K3, C3, 43 +3, G5. 
Plants of a grass-like aspect; 
they differ from the preceding reat Sete 
order in the dry and glumaceous ‘aarti Fitter avast ae 
character of the perianth, and  oater; ip the inner whorl of the perianth; 
in the starchy endosperm. The finetsmug Semel oho a 
leaves ore linear or tubular; 
the inflorescence is an anthela (see p. 493). 





‘The species of Luzula, which has a unilocular three-seedod ovary, multiflora 
pilosa, campestris, and sytratica, are common in woods and on heaths, Juncus 
bas a trilocular many-seeded ovary; plants of this genus are called Rushes; 
J. glaucus and «effusus have a tubular stem and leaves, and a terminal in- 
floreseence which is displnced Iaterally by a tubular bract which appears to be 
4 prolopgation of the stem; they are common in wet fields; J. dufonius, by 
waysides, 


Order 3. Ponrsprrtaces. Water-plants of tropical America, 
with an irregular zygomorphie petaloid perianth: in other respects 
they resemble the Liliacem. 


‘The commoner genera are Pontederia and Eichhornia: Eichhornia aswrea 
nod crassipes are frequently cultivated as hot-house aquatics, 


¥. 8. BL 090 
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The flowers are §. They are tropical herbs, and the leaves which 
spring from the subterranean rhizome have reticulate venation. 

Order 3. Browkutacea, K3, C3, AS + 3, G(3). The ovary is 
superior, inferior, or semi-inferior, trilocular, with many seeds. 
Perianth heterochlamydeons. ‘The leaves are usually long and 
narrow, sharply serrate; the stem is generally very short. The 
flowers are $, and form spikes or panicles with bracts. 


Ananas sotiva in the Pine-apple. The fruit isa berry, and the berries of 
each inflorescence coalesce into 
@ spurious fruit (sorsia), above 
which the axis of the inflorescence 
extends and bears a crown of leaves 
(Pig. 305; see p. 528). In a state 
of cultivation the berries contain 
no seeds. It isa native of America, 
end is cultivated in all warm coun- 
tries and in bot-houses. 

Cohort 3. Amomales 
(Scitaminew). The flowers 
are irregular, zygomorphic or 
asymmetrical: general for- 
mula, + K3, 03, 43 +3, Ga, 
occassionally with a great 
reduction in the andreeciam. 
Perianth wholly petaloid, or 
clearly heterochlamydeous: 
ovary usually  trilocnlar ; 
froit, a capsule or a berry. 
Usnally no endosperm, but 
abundant perisperm. They 
are tall herbaceous plants; 
the leaves are large and have 
pinnate venation. 

Order 1. Mosacex. ¥ K3, C3, A3+27 1 or 0, G®. Flower 
dorsiventral; the anterior external member of the petaloid perianth 
is usually very large, and the posterior always very small. In the 
family Masew the odd sepal is anterior ; the sepals are usually free, 
us ure also the petals in Ravenala; but in Strelitzia the two lateral 
petals are connate, and in Musa the five anterior members of the 
perianth are connate, forming a tube which is open posteriorly : 
the posterior stamen is stcrile or absent, and the others are not 
always fertile, The flower of the family Heliconiew differs from 





Fig. 385. —Fratt of the Pine-apple (reduced), 














— 
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a bilocular anther (Fig. 368 st, an); of the staminodia one is 

larger than the others, and is reflexed, forming a labellum (Vig. 

368 1); the narrow ones vary in 
number in the different species c 
(Pig. 368 a and 8): seed without 
endosperm ; seeds numerous in 
Canna, single in each loculus 
in the other genera, 


Canna indica and other species are 
commonly grown as ornamental 


Amylunm Marantw, the starchy meal 
propared from the rhizome of Maranta 
arundinacea, is truo or West Indian 
arrowroot, 


Cohort 4. Orchidales, 
Flower irregular, dorsiventral, 
zygomorphic, gynandrous (see 
pp. 495, 518), reduced in the 





Pio. 969,—Flower of Canna indica (nat. 


andrecium ; perianth petaloid, 
Seeds very small, without en- 
dosperm or perisperm; the 
embryo a minnte undifferen- 
tiated mass of cells. 


five): Sinforior ovary; pa the outer, pi the 
inner whorl of the perinnth ; 9 style ; et the 
fertile stamen, with (an) the anther; Uabel+ 
lem; aand 2 the two staminodia, (Afier 
Bichlor.) 


Order 1. Oroutvaces. The flowers of most of the genera have 
the formula ¥ K3, 03, A1++ 2, Gay: those of the Cypripediinm, 
however, have the formula } K8, 03, A ¢ 142, Gog (Pig. 369 
A, B). The fower is generally so placed, in consequence of 
torsion of the ovary, that the posterior side of the flower, instead 
of being uppermost, as is normally the case, comes to lie infeviorly 
{resupinate), but there are exceptions (¢g. Liparis, Nigritella, 
Epipogum). The posterior segment (petal) of the inner whorl 
called the labellum (Fig 370, see also Fig. 204 1), is always larger 
than the others, and varics greatly in form; it frequently has a 
spar (Fig. 370 sp) or a sac-shaped cavity (Fig. 294), The an- 
dreecinm and the three stigmata are, in most Orchids, borne on a 
prolongation of the floral axis the gynostemium (Fig. 294.8; Fig. 
872 Band Cgs). In the andreciom usually three stamens are 
represented: in the monandrous Orchids there is a fertile an- 
terior stamen belonging to the onter whorl (Fig, 369, A), arid 
often two staminodes, which are sometimes petaloid (e.g. Diuris) 
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of sticky mucilage (retinacula) are formed, and are frequently 
enclosed in one or two ponches (bursicula:) formed by the rest of 
the tissue of the rostellum. The pollinia adhere to the retinacula 
by the candicle, when present, and are removed, in pollination, by 





Fro. 871.—Tubers (A) of Orchis Moria; B of Gymnadenia Conopsea: 8 the peduncle; 1 this 
Fear'’s aber; 2 next year’s taber; k the bud; w and w! roots (nat, size). 


the adhesion of the retinacula to the proboscis of the insect (see 


p- 456). 


Most of the indigenous species have underground rhizomes or 


tubers. In the latter case, two 
tubers are usually present: the older 
one, which, at the time of flowering, 
becomes flaccid (Fig. 371 Aand B, 1), 
throws up the flowering scape (js) 
or,in young plants, a short under- 
ground stem which produces only 
leaves above ground. At the upper 
end of this tuber another much 
firmer tuber is formed (Fig. 371), 
bearing at its apex the bud of the 
next year’s stem (K). The tuber is 
to be regarded as a lateral bud 
which coalesces with its firat root 
(or more than one, Fig. 371 B) and 
then increases in bulk: the lower 
end of an undivided tuber, as well 
as the ends of palmate tubers, has, 
in the young state at least, the same 
structure as the apex of a true root. 





Fig. 872.—Flower of Cypripedines 
Colceolus: » p the leaves of the peri- 
auth have been cot away. A Bide 
view. & Back view, C Front view; 
J ovary; o* gynostemiom; « « the 
two fertile stamens; 6 staminode; » 
silgma, (After Buchs.) 
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dicles) adhere, bolong the genera Spiranthes, Listera, and Neottia. Spiranthes, 


cordata and ovata), bas only two foliage-leaves, and spreading perianth- 
Segments, no spur. Neottia Nidus-Avis, the Bird's-nest Orchid, is a saprophyte, 
with scaly leaves which do not contain chlorophyll ; labellum not spurred. 

‘To the sub-family Physurea, characterised by the structure of the polliniam, 
which is sectile, belongs the genus Goodyera (G. repens) in which the labellam 
has no spur, and the pollinia have acrotononus candioles; the inflorescence is, 
like that of Spiranthes, a nnilateral twisted spike; the plant is rhizomatous. 

Fam. 4. Liparidine: the anther produces four waxy pollinia without cau- 
dicles. Liparis (Sturmia) Loeselii, has only two foliage-leaves and a psendo- 
bulb; the flower is not resupinate ; there are two retinacula, to each of which 
® pair of pollinia become attached. Malaxis (MI, paludosa, Bog Orobis) has a 
short gynostemium and a single retinaculum; reproduced by psendo-bulbs. 
Corallorhiza (C. innata, the spurless Coral-root) is a sapropbytic plant, without 
roots or follage-leaves, 

There are many other families, including a large number of genera which 
are mainly tropical and commonly epiphytic with serial roots (see p, 155). 
Many of these aro cultivated in hot-hoases such as Oncidiam, Vanda, Dendro- 
bium, Angrecum, etc. Me ak on ge lpg cara nclimb- 
ing species. 

Tovgh ‘ottfination ta namally Aspandank rupert he -yilte of Snsacta (can 2 
456), self-pollination is by no means uncommon, For instance, among British 
Orebids, Uphrys apifera and Neotinea intucta are probably always self-pollinated, 
and Neottia Nidus-tvie, Epipactis ovalis and B. latifolia, are frequently ael!- 
pollinated, simply by the falling of the pollen on to the stigma. Cephalan- 
there rubra is commonly pollinated whilst in the bud, by the germination of 
the pollen-grains, the pollen-tubes making their way to the stigma. 


Cohort 5. Narcissales, Flowers regular or irregular: not’ 
less than three stamens in the andrecium: perianth petaloid : 
seeds with oily endosperm. 

Order 1, Amanritipacns. K3, 03, 4343 or 12 to 18, Gy, 
The flower is occasionally zygomorphic and narrowly funnel- 
shaped ; anthers usally introrse. The frait is usually « trilocular 
locuticidal capsule, sometimes a berry. 


‘The principal of the numerous genera are arranged in the fullowing fami- 
lies = 

Fam. 1. Amaryllidoidee : subterrancan stem, bulbous: scape leafless, bear- 
ing @ single terminal flower, or an umbellate inflorescence, invested by one or 
inore bracts. Amongst the genera withont a corona (see p. 515) are Amaryllis 
(4. Belladonna, the Belladonna Lily), Vallota (V. purpurea, the Scarborough 
Lily) with zygomorphic flowers; Zephyranthes, Sternbergia, Orinam, Galanthus 
AG. nivalis, the Snowdrop), and Leacojum (L. vernum, the Spring Snowflake ; 
L, aestivum, the Summer Snowflake) with actinomorphic flowers. Amongst 
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Faw, 2. Inrorwesx: flowers mostly actinomorphie, forming tany-flowered 
inflorescences of varions form with spathes, each of which invests more than one 
flower: stem bulbous or rhizomatous, 

‘This largo family inclades several sub-families, of which the following are 
the more important :— 

Sab-fam. Iridina : perianth-thbe short or absent; the capsule is not en- 
closed by the spathe; the styles are petaloid, with the stiyma on the under 
surface, Iria, the Flag, is the principal genus. The species of this very large 
genus may be divided into two groups based upon the bulbous or the rhizoma- 
tous character of the stem. ‘The most familiar of the bulbous Irises are, J. 
aiplicides (or Xiphion latiforium, or Iris anglica) the so-callod English Iris ; 
I. Xiphiam (Xiphion eulgare) the Spanish Iris ; I. reticulata, p-raien, and Histrio. 
‘The rhizomatons Irises ate classified according to the presence or absence of 
haira (beard) on the perianth-segments : thus,— 

Seot. Hexapogon: all the perianth-segments bearded along the upper surface 
of the midrib of tho claw ; e.g. I. longiscapa and fulcifolia, 

Sect. Pogoniria: only the three outer perianth-segmonts bearded on the 
widrib of the claw ; ¢.g. I. florentina, germanica, pallida, pumila. 

Sect. Oncooyelns: the three outer perianth-segments bearded on both claw 
and limb: e.g. I. eusiana, iberica. 

Sect. Apogon: perianth-segments beardless: ¢.9. 1. graminea and sierica 
with linear loaves; IZ. Prendaeorus, ochrotewa, foetidiesima, ete., with ensiform 
leaves, Z. Peeudacorus (Yellow Fling) and foetidissiwa are British, 

Sub-fam. Tigridin: perianth-tube absent; styles branched with an apical 
‘Stigma; the inner whorl of perianth-segments is amaller than the outer; stn. 
mens monadelphous: bulbous plants. ‘igridia Pavoria is the Tiger Flower. 

Sob-fam. Sisyrinchine: perinnth-tube short; styles unbranched, nearly 
Cylindrical, alternate with the stamens (not opposite as in Iris): stamens free, 
or connate at the base: rhizomatons plants. 

Here belong the genera Libertia (with free stamens) and Sixyrinchiom 
(with basally connate stamens), having actinomophic flowers; 5. (Bermudiana) 
angustifolium, Blue-eyed Grass, occurs in Galway 

Sub-fam. Aristine : perianth-tube elongated ; capsule enclosed by the spathe ; 
stamens monadelphons (Patersonia) or free (Aristea) ; generally rhizomatous. 

Pam. 3. Ix1oinnx: the flowers, which are frequently zygomorphic, are each 
invested by a spathe: stem, usually a corm, 

In the sub-fam. Iziea, the xygomorphiam of the flower is but slightly 
marked: Schizostylis is rhizomatous, whilst the other genera (Ixia, Geisso- 
thiza, ete.) are bulbous, 

In the Gladiolee, the zycomorphism of the flower is well-marked, but the 
flower may be either straight and ercet (e.g, Tritonis, Montbretia, Sparasis), or 
curved (¢.9. Gladiolus), Gladiolus illyricus (cowunuwis), the lesser Gladiolus 
‘or Corn-Flag occurs in England. ! 

Tu the Wateoniea (Watsouia, Lapeyrousia, Freesia), tho styles are 2- 
branched. 
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and open, and the stem grows in thickness by the activity of the 
cambium-ring which is formed (p.191). 

The epiblema of the root is (except Nymphmacea) the per- 
sistent innermost layer of the original many-layered epidermis 
(see p. 154). When the stem grows in thickness, the root does 
80 also (see p. 191). 

‘The leaves exhibit infinite yariety both in their relative position 
and in their form. The foliage-leaves almost always consist of 


h 





Fie. 374.—Vicia Faba, the Bean. A Seed with one of Fra, 376.—Seediing of theMaple 
the cotyledons removed; ¢ the remaining cotyledon ; (tant. nize) : cethe cotyledons ; kw 
wradicle ; kn plumulo; stesta, BGerminnting seed; the plumule; he the hypoootyl; 
# testa; bo portion of the testa torn away; a hilam; primary root; h root haire 
## petiole of one of the cotyledons; k curved epie (tho lower part is cut off). 
ootyl; he the very short bypocotyl; A the primary 
Toot) 4 its apex; kn bad in the axil of one of the 
cotyledons, 


petiole and blade; amplexicanl leaf-bases are comparatively rare, 
but stipules, on the contrary, are very common. Branching or 
feogmentation of the leaves is common, and is frequently indicated 
by the incision of the margin. The usnally reticulate venation of 
the leaves is characterized by the presence of a large number of 
veins which project on the under surface, except in thick, fleshy 
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SERIES IL. 


Cohort I. Geraniales. 
Order 1. GERANIACE. 
. Linacez. 
. ERYTHROXYLACER, 
Oxatmacez. 
BatsaMinaced. 
TROPHOLACER, 
. ZYGOPHYLLACER. 
. Ruracez. 
» 9 Metiacea. 
» 10. StmarvBacez. 
» 11. Burseraces. 
Cohort II. Sapindales. 
Order 1. Sapinpacez. 
.» 2, ACERACEE. 
» 3. PoLYGALACez, 
» 4, ANACARDIACER. 


DI ARP WL 


SERIES OI. 


Cohort I. Umbellales. 
Order 1. UMBELLIFERE. 
» 2, ARALIACER. 
y» 3. Cornaces. 
Cvhort II. Passiflorales. 
Order 1. PassirLoraces. 
» 2. PapaYAces. 
» 3. BEGONIACER. 
» 4 CucurBITACEs, 
a» 5. CACTACES. 
Cohort III. Myrtales. 


Order 1, OnaGracra. 
» 2. Havoracrpaces. 
» 93. LyTHRACEs. 
» & Myrracez. 
» 5. RuizopHoRAceg. 


PART III.—THE CLASSIFICATION OF PLANTS. 


DISOIFLOBZ. 


Cohort III. Celastrales. 
Order 1, Crtastraces. 
STAPHYLEACEE. 
AQUIFOLLICEZ. 
THYMELEACEZ. 
ELgzaGnaces. 
RuaMNACEz. 
BS . AMPELIDACER. 
Cohort IV. Euphorbiales. 
Order 1. Eurnorsiaces. 
» 2 Buxacez. 
». 3. Enperracez. 
» 4. CAaLLITRICHACER. 


2. 
3. 
» 4 
5. 
6. 
7. 


CALYCIFLORE. 


Cohort IV. Rosales. 
Order 1. Rosacea. 
» 2 Lecusrnoss. 
» 3. Pratanaces. 
Cohort V. Saxifragales. 


Order 1. SaxirgaGacez. 
» 2. CRassULace®. 
» 3. CEPHALOTACES. 
» 4 Pitrosporacks. 
» 5. HamameEnipaces. 
» 6. Popostemaces. 
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superior, monomerous, unilocular, or sometimes dimerous, with 
two styles, and then rarely bilocular: ovule solitary, in different 
positions, Seed commonly containing endosperm. The inflor- 
escences in orders 1-3 are nsnally sitnated 

two together at the base of a leafy dwarf- 5 
shoot which springs from the axil of a (ee) 
leaf, and they are cymose (lig. 377). The 

leaves are generally hirsute, Cystoliths 

(p. 105) are commonly present. 

Order 1. Unricaces. Ovary monomer- if 
ons: ovale central, orthotropous, erect. <4 
Seed containing endosperm. They are 
mostly herbs or shrubs without milky 
juice and frequently provided with sting- of Urtica reas wich eleat (f) 
ing-hairs: leaves altervate, stipulate. 1% the ssi of witch is the 
Flowers polygamous, monwcious, or dice- pier hetaatret ora = 
cious, in panicalate or glomerulate inflor- — (#), without any brncte (aut. 


escences, ser 


Urtica wrens and diotea (Stinging Nottles) are known by the stinging hairs 
which are distributed over their whole sarface: perianth 242; the two onter 
segments of tho perianth of the ? flower are larger than the inner segments 
(Pig. 878 B). In the former species the g and ¢ flowers are contained iu 
the same panicle, and the floral axis is but feebly developed; in the latter 
they are on different plants, and the axis is well developod and bears leaves. 
Bohmeria nivra, a native of China and Japan, has strong bast-fibres used for 
wearing the material known in England as Grass-cloth. Parietaria officinalis, 
‘Wall-Pellitory, having polygamons flowers with a gamophyllows perianth, and 
destitute of stinging-hairs, occurs oceasionally on walls, by roadsides, eto, 


Order 2. Monaora. Ovary gener- 
ally dimerous, and sometimes bilocu- 
Jar (Artocarpus)-: ovule suspended, 
anutropons or campylotropons, more 
rarely basal and orthotropous: seed 
with or without endosperm; the fruit 
is enveloped by the perianth (usually peliry g fone ot the Boning 
2+2), which becomes fleshy, or by a Netto, Urtion sp perianth; 
fleshy floral axis, Trees and shrubs {hes denery sap oe See 
with milky juice, scattered leaves and — whorl of the perianth ; m sthgmn of 
cadncons stipules, Mens Ro Cones 


Morus alba and nigra (Mulberry) come from Asia; the flowers are disposed 
‘in short catkins ; the catkins are borne singly on shoots, which, at the time of 
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Jeaf has a pair of membranous stipules. In the inflorescence the leaves: h 
aro placed singly, and are finally represented only by their stipules. In the? 
infloreseence, which somewhat resembles a fir-cone, a radimentary shoot is 
Present in the common axil of each pair of stipules, and bears two flowers 
on each side ; it seems at first sight aa if two flowers were developed in the axil 
of each stipule (Fig. $80 8). All the scales and bracts are covered, especially on 
the epper surface, with numerous yellow glands. In the ¢ inflorescence the 
shoot which bears the flowors is well developed. 


Order 4. Unasce#. Ovary dimerous, sometimes bilocular, but 
generally unilocular by abortion. Ovule suspended and solitary. 
Flowers mostly ambisporangiate, with a 4-6-partite perianth 
(Fig. 881 A). Woody plants devoid of milky jaice ; leaves alter- 
nate, with caducons stipules. The inflorescences (glomerules) are 
borne directly in the axils of the leaves. 


In the genus Ulmus the compact dichasial inflorescences are developed in the 
axils of the loaves (either persistent or deciduous), of the previous year, and 
they are invested by bud-scales; one or more 
flowers are developed in the axil of each of the 
more internal scales (bracts), and they open before 
the unfolding of the leaves.: The ovary is some- 
times bilooular. The fruit is a samara, that is, 
an achene with a broad membranous wing (Pig. 
381 8), The leaves are alternate, and always 
oblique. The annual shoots have no terminal 
bnd, and so they form a sympodium, Two species 
of Elm are indigenous in England. Uimue cam- 
peatrie, the common Elm, and Ulaus montana, 
the brond-leaved Wych, or Scotch, or Mountain 
Elm: the former has rather slender branches, 
leaves with distinct petioles and crenate serrate margins, somewhat narrow at 
the have, and a seed which is above the centre of the ajmara; the latter has thick 
horizontally.*preading branches, leaves with very short petioles and doubly 
serrate margins, broad at the base, and a seed which ix central in the samara. 
Urls auerastis, from Southera Europe and C- cecidentulis, from North Amerien, 
are often cultivated ax ornamental trees; their flowers are polygamous, and 
are placed sing y or several together in the axils of the oblique accuminate 
Tearus: the fruit is drupaceous, 





Cobort II. Amentales, The flowers, which are always dicli- 
nons and generally monmecions, are arranged in catkina (amenta), 
The perianth, when it is present, consists typically of 5 (2) 
segments ; or it may deviate from the type so as to consist of four, 
(ie. 2+2), or six (f.2.3+4+3) segments: the stamens, when their 
position can be determined, are superposed on the segments of the 
perianth for the reason given in the case of the Urticales (see p. 576). 
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surface; in A. glutinnsa, the black or common Alder, they are obovate or evea 
emargipate, and green on both surfaces, In Alnus viridis, the mountain Alder, 
only the ¢ catkins are destitute of bud-scalos in the winter: the frait is winged. 

Botula, the Birch, In both kinds of catkins the three flowers have only the 
bracteoles a and 8. In the J flowers the perianth is usually incomplete, and 
there are only two stamens, the filaments of which are forked. In the ? 
atkins, the two bracteoles cohere with the bract to form a three-lobed scale 
which falls off together with the winged frait. The ¢ catkins are borne ter- 
minally on the shoots of the previons year, and are not covered with bud-seales 
during the winter; the @ catkins are borne terminally on lateral dwarf-shoots 
which have only a fow leaves, and they are enclosed by bud-scales during the 
winter; as a consequence, flowering takes place after the unfolding of the 
Jeaves, The shoots of successive years form sympodia, and the leaves ara 
arranged spirally. B. verrucosa bas white glands on the leaves and young 
shoots: F, pubescens hax no glands, but the shoots are bairy ; it is a northern 
form : B. frurioora and B, nana wre shrubs occurring in high latitudes; B. alba 
is the common Birch. 









Order 2. Corriaces. Flowers 
monwcions, in ¢ and 2 catkins. 
The J flowers have no perianth ; 
that of the 9 flower is rudi- 
mentary. The inferior ovary is 
bilocalar; one localas is sterile, 
the other contains two sua- 
pended anatropons ovules: the 
fruit is one-seeded and indehia- 
cent (a nut). Two flowers aro 





borne in the axil of the bract of 
the $ catkin, the median flower 
being absent, The one-seeded 
fruit is surrounded by a leafy 
investment (cupule) formed by 
the three bracteoles (a @,8, and 


Fra, 38h—Alnna gtutinowe, A Branch 
Dearing catkina (in winter). 2 ® group of 
@ dowers (from above). The same after 
removal of flowers (lateral view). £ Group 
of @ flowers, soon from withiv. F The 
same aficr the removal of the flowers. @ 
‘a ecale from the @ catkins b bract; a, 6, 8" 
bractoles. 


Ba, B, vespectively, Fig. 382) of each side. In the ¢ catkin the 
median flower only is developed ; the filaments of the stamens are 
deeply forked. 


In Corylus, the Hazel, the 9 catkin resembles a bud, since the external 
Werile bracta have the same structure as the bud-scales (Fig. 385 B); the red 
stigmats project at the top; the investment of the fruit is irregularly out; a 
small p:ojection ix formed on the fruit, the nut, by the remains of the epigywous 
perinnth. Each bract of tho ¢ amentum bears two bracteoles « and 6, and a 
flower consisting of four forked stamens (Pigs. 485-6). Both kinds of amenta 
are placed in the axils of the leaves of the previvus year, and are not ouclosed 
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uppermost bud-seales (pairs of rtipules) on both long and dwarf-shoots of the 
same soar; tho @ catkins in the axils of the folisge-lewves of the terminal 
shoots: flowering takes place shortly after the unfolding of the loaves. The 
ovules are ascending. The hypogean cotyledons remain enclosed in the testa 
during germination. Quercus Robur is the English species, of which there are 
two varieties, Quereus pedunculata and Quercus sessiliflora: the former has 
elongated ? catkins, so that the fraits are widely separated from each other, 
and its pinnately lobed leaves are shortly stalked and cordate at the base: 
the latter bas compact 9 catkins, 80 that the frnita form o cluster, and its 
le«ves have longer petioles, and are narrowed at the base. Quercus Suber is 
the Cork-Oak of Southern Europe. There are also several North Auerican 


species. 

In Fagus, the Beech, the catkins of both kinds are stalked dichasial clusters, 
borne cach in the axil of a folisge-leaf. The flowers have no bracts, or bracteoles, 
except the cupule of the § flower. The flowers of the pendulous g catkin are 








Fie, 387, — Frait of ‘Fra. $89.—Quercus petunoulate, A & flowor magnified: 
Carpious Betulus with PPperanth; a stamens. BQ flower magnified; d bract;¢ 
three-tobed cupuio. cupals; y the epigynoas perianth) g the atylo; n the 

wigma. © The same, still more magnified, in longitudinal 


sections J ovary js ovnlos. 


closely packed; they have a perianth of 4-7 segments, and 8-12 stamens. The 
ervet 3 catkin consists of two flowers only, which are invested by a tetramerous 
cupule. The eupole is covered with hard bristles, and when ripe splits into four 
valves to allow the two triquetrous fruits to escape; ench fruit bears at ite apex 
® brosh-like remnant of the perianth. The ovules are suspended. The 9 
inflorescenoos are borne on rect axes in the axils of the Jeaves of the spical 
shoot of the same year, the 3 on pendulous axes springing from the axils of 
the lower leaves of the shoot, Leaves distichous, approaching each other on 
the under surfaces of the shoots, their axillary bads approaching each other on 
the upper surface: the winter buds are elongated and pointed. The epigean 
cotyledons escape from the seed on germination, Fugue syleatioa is the 
tommon Beeeh : varigties with tinted leaves, such as the Purple Boeck and the 
Copper Beech, are commonly cultivated, 

In Castanea, the edible or Spanish Chestnut, some of the catkins consist at 








‘Order 6. Cascantsaces. Trees having somewhat the nee 
of Horse-tails (Equisetum), with long channelled internodes, and 
leaves forming a toothed sheath. The monccions flowers in 
distinct catkins; the g flowers consist of a single axial stamen 
(see p. 78) and two perianth-leaves: the 2 of a dimerous uni- 
locular ovary invested by two bracteoles, which, when ripe, are 
hard and woody; the whole ? catkin then resembles  pine-cone: 
ovules, generally two, orthotropus, ascending. (Kor peculiarities 
of fertilisation, etc., see p. 528.) 

Several species of Casuarina are indigenous in Australia. 


Order 7. Saricacza. The dioecious flowers are arranged in 
amenta, and they are borne in the axils of the bracts without any 
bracteoles, There is no 









perianth, bat each flower v 
contains a glandular dise = 

or nectary, The ovary is a 

dimerous and nnilocular, A\S B 


and contains a number of 
parietal ovules. The de. 
hiscence of the froit is “ 
loculicidal; the numerons 

seeds are furnished with Yass wading, J omtoe nutieaute toot 
a pencil of silky hairs ab — Inrged). 0 Debiacont frult of the Poplars « seodss 
their bases (p.459). The ?%* 

catkins aro developed at the ends of lateral dwarf-shoots which 
always bear scales or even a few foliage-leaves. 


Salix, the Willow or Sallow, has entire bracts, a one or two-toothed nectary 
in each flower, and usually two stameos, entire shortly-stalked leaves, and ite 
winter-buds are covered by a scale which ix formed by the coalescence of two. 
‘The shoots, which grow thronghout thesummer, die down yearly, Somespecios, 
such as S, alba, fragilis, and babylonica, the Weeping Willow, bave pendulons 
‘branches, and are arborescent: most of them are shrabby, and some, ruch as 
S, vetiouluta, retusa, and herbacra are small decumbent shrubs occurring in the 
Alps and in high Jatitudes, In S. purpurea and incana the two stamens are 
connate: 5. triandra bas three stamens. Most of the species grow ou the banks 
of rivers; 8, aurita and caprea in forests, and S. repens and others on moors. 

Populus, the Poplar, has toothed or lobed bracts, a cup-shaped nevtary (Fig. 
800 C,»), wud numerous (4-80) stamens; the leaves are often lobed and have 
Jong petioles ; the winter-buis are cnelosed by a vumber of scales; the shoots 
have a terminal bud, In the Section Leuce the young shoots are pubescent, 
and the buds are not viscid; the ¢ flowers bave usually only from 4-8 stamens, 
avd the stigmata have 2-4 lobes: to this section belong J’. albu, the White 
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‘This cohort is sometimes placed, though apparently without sufficient reason, 
in the sub-class Thalumiflors close to the Caryophyllacer, with which order it 
is, however, connected by the Phytolaccacem. 


Order 1. Cusxopopiuices. Flowers small, united to form a 
dense inflorescence: the bracteoles are frequently suppressed. 
Stamens typically equal in number to and superposed on the 
usually four (2-+ 2) or five (%) free or connate sepaloid perianth- 
leaves for the same reason as in the Urticales (p. 576) (Pig. 392). 
Ovary usually medially dimerous and unilocular, with a single 
campylotropous, erect or horizontal, basal ovule. Stipules 
wanting. 


Chenopodium album, the Goose-foot, and C. Bonus Henricns, the All-good, 
are common weeds on garden-ground and waste land. Spinacia olerwera is 
Spinach, cultivated asa vegetable, Beta vulgaris is cultivated under the var. 
Cicla (Mangold); B, altiatma is the species used in tle manufacture of sugar, 
and 2, rubra is tho ved Bectroot; B. maritima is tho wild Beet. Salzola, the 
Sslt-wort, and its allies, Suwda, the Sea-blite, and Salicornia, the Marsh- 
Samphire or Glass-wort, with flesby stems and leaves, are conspicuous in the 
‘Yegetation of the sea-shore. Atriplex, the Orache, is the other British geous. 


Order 2. Amananracea, The flowers have the same structure 
as those of the preceding family: they usually have bracteoles 
which are frequently petuloid: perianth sometimes petaloid ; ovary 
nnilocular, apparently di- or tri-merous; ovale solitary and basal, 
but in some cases (Celosin) the ovules are numerons. Stipules 
absent, The flowers usually form dense inflorescences. 


Species of Amarantus and Celosia (Cock's-comb), the Iatter having a mon- 
strona floral axis, are well known as ornamental plants, donarautus BUtum is 
found wild in Britain, 


Order 3, Puytotaccacez. The flowers have a simple, gener- 
ally 5-leaved, perianth which is often pota- 
loid, and there are frequently two regularly 
alternating whorls of stamens; when there 
is but one whorl of stamens they are some- 
times superposed on the perianth-leaves 
(Microtea); the number of the stamens in 
one or both whorls is in many cases doubled 
(Fig. 393): the number of carpels varies ps1; ain 
very moch; when the ovary is polymerous tower of Phytolecos decan- 
it is maltilocular, each localus contain. #™ 
ing @ single ascending ovale, Stipules occasionally present. 





eV—_—r 





GROUP IV,—PHANEROGAMIA : DICOTYLEDONES: MONOCHLAMYDES. 589 


flowers of the latter occur usually several together in the axils of the leaves, 

and those of the former in pairs, one above the other, together with a braneh, | 

in the uxils of the leaves of the shoot of the previous year, | 
‘The presence in Asarum of what is apparently a curolla renders the position 

of this order among the Monochlamydew rather doubiful. 


Order 2. Cyrinace#. Parasites devoid of chlorophyll and with- 
ont foliage-leaves, with a usually deformed vegetative body, and 
éither solitary flowers of remarkable size, or small flowers in a 
compact inflorescence. Flowers of various stractore, mono- or 
ambi-sporangiate: perianth campanulate: the stigmata and anthers 
are borne on a central column: ovary generally unilocular: ovules 
very numerous, having generally one or two integaments : embryo 
rodimentary: seed with or without endosperm, 


Sub-order 1. Crrmem. Flowers monosporangiate. Cytinus Hypocistiv is 
parasitic on the roots of Cistus in Southern Europe; another species occurs in 
Mexico, and another in South Africa. 

Sub-order 2. Hypsonee. Flowers ambieporangiate, Hydnora is parasitic 
‘on the roots of Euphorbim, ete., in South Africa; Prosopanche is parasitie on 
the roots of Prosopis in South America: the seed contains both endosperm and 


periaperm. 

Sub-order 9. Rarrirare®. Rafflesia and Brugmansia are parasitic on the 
qoots of Ampelidacew and Leguminose in the Malay Archipelago: Pilostyles 
belongs to tropical South America. Rafilesia Arnoldi ik conspicuous for the 
enormous size of its fower, Brugmansia has ambixporangiate flowers, 


Cohort VII. Santalales, Parasitic plants: leaves, when 
present, entire: stamens equal in number to the leaves of the 
perianth and superposed upon them: ovary inferior, unilocular ; 
oynles usually devoid of integument. 

Order 1. Sawratacex. Parasites provided with chlorophyll : 
flowers generally ambisporangiate : ovules 1-4, suspended, upon a 
free central placenta: perianth 3-5-lobed; fruit a nat or drupe: 
seed with endosperm. 

‘Thesium tinophyllum, the Bastard Tond-flax, is an indigenous plant which is 
parasitic on the roots of other plants. The lenves are narrow and linear. The 
Dencta of the flowera, which are disposed in racemes, are usually placed high up 
on the pedicels, close under the flowers, and in most of the specios constitute 
with the braoteoles a three-leaved epicalyx. The stamens are filiform, inserted 
at the base of the lobes of the perianth, The perianth is persistent, remaining 
curled up at the apex of the indehiscent fruit (Fig. 395 B). Santaluin album, 
an East Indian tree, yidlds Sandal-wood. 


Order 2. Lonayrnacex. Parasites provided with chlorophyll : 
flowers mono- or ambi-sporangiate ; sometimes diwcions : perianth 
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SUB-CLASS Il. POLYPETALA). 


Flowers usually ambisporangiate: perianth usually consisting 

of calyx and corolla, the petals being free, 
SERIES I, THALAMIFLORE. 

Sepals usually free: petals often indefinite: stamens hypo- 
gynous, often indefinite: gynweeum apocarpous or syncarpous. 

Cohort L, Ranales. Flowers generally acyclic or hemicyclic: 
perianth consisting of calyx only, or of calyx and corolla : stamens 
usually indefinite: gynmceum apocarpous, sometimes reduced to a 
single carpel; very rarely syncarpous, with a multilocular ovary. 
Seed with or withont endosperm. 

Order 1. Raxuxcuraces, Perianth either consisting of a petaloid 
calyx, or of calyx and corolla, usually spiral; stamens namerons, 
occupying several turns of the spiral, or arranged in several alter- 
nating whorls; anthers usually with lateral dehiscence, sometimes 
extrorse or introrse: carpels numerous, spirally arranged; rarely 
one only; the ovules are disposed on the connate margins of 
each carpel, that is, in two rows down the ventral suture; in 
several genera the number of the ovules in each ovary is reduced 
to one, which then originates from either the upper or the lower end 
of the cavity of the ovary: seed with endosperm. They are almost 
all herbaceons plants, and are either annuals or they have perenniul 
rhizomes; they have no stipules, but they have amplexicaul leaves. 


Tribe 1. Anemonee. Petals generally replaced by stamens : sepals frequently 
petaloid: ovaries numerous, each containing a single suspended or ascending 
anatropous ovule ; fruit consista of a number of achenes. 

‘The genus Clematis consists of shrubs which creep, or climb by their petioles, 
and have opposite loaves, and a petaloid usually valvate calyx. Clematis 
Fitalba, the Old Man's Board, is common in hedges; it has a greenish-white 
calyx, aod froits with long feathery atylen ; C. Viticella, patens, and others are 
cultivated as decorative plants. <Atragene alpina, occurring in the Alps and in 
Biberia, has its external stamens converted into petaloid staminodes, 

Thalictrum; the species of this genus, as 1, majue, minus, flavum, and 
alpinum, the Meadow-Rues, have stems well covered with leaves, and flowers 
with an inconspicuous, fugacious, 4-5-leaved calyx, and a fat receptacle, 

Anemone has an hemispherical receptacle (Fig. 397 44), and a petaloid, 
usually S—O-leaved calyx. In most of the species the underground rhizome 
elongates into an erect scape which bears a eingle whorl of three bracteoles form~- 
ing an epicalyx (p. 494), beneath the terminal Hower. In A. nemorosa, ranwn- 
euloides, and others, these bracteoles resemble the foliage-leaves, and often bear 
flowers in their axils; bat in 4, Pulsatilla, and others, they differ from the foli- 
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Lesser Spenrworts); they are all more or Jess poisonous, Briere ee 
Lesser Celandine) has 8 sepals and usually 8 petals. 

Tribe 2, Helleboree, Perinnth generally consisting of calyx and corolla, the 
latter being occasionally suppressed; the petals are glandular at the baee: 
ovarios usually fewer in number than the leaves of the perianth ; ovules numer- 
ous, borne on the ventral suture; fruit usually consists of several follicles. 

(a) With regalar, generally actinomorphic, flowera: 

Helleborns, with acyclic fowers; sepals more or lesa petaloid in 3% arrange~ 
ment; the petals, which are small and tabular, in § or 5; stamens in yy or 
dr: ovaries usually 3-5 (Fig. 397 D). H. niger is the Christmas Rose: H. 
viridis and fotidus are not rare. Nigella has 6 petaloid sepals and naually 8 
(superposed if 5) small glandular petals: ita earpels cohere partially or com- 
pletely, forming a septicidal capsule, "rollins, the Globe-flower, has 5-15 
petaloid sepals, and a similar number of «mall petals which, like the stamens 
and carpels, are all arranged spirally: 2’. europaeus occurs in sub-alpine regions, 
Caltha, the Marsh-Marigold, has 5 yellow petaloid sepals, but no corolla: C. 
plustris is common in damp places. Eranthis, the Winter Aconite, has a 
S-leaved epicalys, and small petals with long 
claws, Actma has a petoloid calyx and an 
alternating (sometimes suppreased) corolla; 
it has a single carpel which becomes a baccate 
fruit: 4. spicata, the Baneberry or Herb 
Christopher, occurs in woods. Aquilegia, the 
Columbine, has a cyclic flower (Fig. 398): 
it has 6 petaloid sepals, and petals with long 
spurs; there are several whorls of stamens: 
A. vulgaris, atrata, Aklei, and others occur 
wild, or are cultivated as decorative plants. 

{b) With irregular dorsiventral flowers: 

Delphinium, the Larkspur, has the pos- 
terior of the 6 potaloid sepals prolonged into «#4 #8 —Diaxram of flower of 
® spur: there are typically 5-3 petals, of i 
whieh only the 2 (D. Ajacis; see Fig. 828 4) or 4 (D. Staphisagria) posterior 
are developed; the spurs of the two posterior petals project into that of the 
posterior sepal: D, Staphisagria has 3-5 carpels; D. Consolida and D, Ajacis, 
common garden plants, have usually bot one carpel. In Aconitum, the 
Wolf's-bane or Monk's-hood, the posterior of the & petaloid sepals is large and 
hooded ; the two posterior of the 8 petals bave long claws, and are covered by 
the posterior sepal, the others being inconspicuous (Fig. 397 E, ¢). 

‘Tribe 3. Pooniee. The perianth consists of calyx and corolla, and the potals 
are not glandular: ovaries with numerous ovules, surrounded by a diso: frait 
of several follicles. 

In Pmonia, the Peony, the flower is acyclio: the calyx consists of 5 sepals 
which gradually pass into the folinge-leaves ; the petals are 5 or more. P. opicin- 
ali, cora(tina, and others are cultivated as decorative plants; P. Moutan has a 
woody stem and a tabular diso, 








Order 2. Macwonuces. Perianth cyclic, consisting usually of 








and corolla, and then either homochlamydeous or heterochlamy- 
deons: stamens usually 3 or a maltiple of 3: gyneceum trimerons: 
and apocarpons or syncarpons, or monomerons; ovary unilocular, 
with nsnally a single basal or suspended anatropons or orthotro- 
pons ovule; seed with or without endosperm; endosperm some- 
times rominated. 

Order 1, Mevytsrenmack®, Flowers usually dicecious, bat with 
traces of the missing organs: perianth usually biseriate, hetero- 
chlamydeous : the calyx, corolla, and andreecium have usually two 
whorls each. Carpels usually 3-6, distinct, one-seeded, bat many- 
seeded in the sub-family Lardizalbem, Seed with or without 
endosperm, They are mostly tropical climbing plants with woody 
twining stems and palmate leaves. 


The structure of the flower is very variable: pleiotaxy is frequent; thas | 
the calyx may consist of 8 or more (8-10 in Sychnosepalum) whorls, the | 
corolla of 8 whorls (occasionally in Menispermum), 
the andracium of as many ax 8 whorls (Moni- 
spermum, Anamirta): on the other hand oligotaxy 
sometimes occurs; the corolla may be completely 
suppressed (e.g. Abuta, Akebia), and in the latter 
genus the calyx consists of only a singlewhorl The 
d flower of Ciseampelos is dimerous, and the ? flower 
has a rudimentary perianth and a unilocular ovary 
with three stigmata. The endosperm is ruminated 
in some genera (¢.g. Anomospermnm, Abuta, Chas- 
manthera): the seed is exalbuminous in the Pachy- 
gonew (e.g. Pachygone, Sychuosepalum, Rameya). 

Order 2. Berneerpaces. Flowers ambisporangiate: the calyx, 
corolla, and andreciam, each consist of two di- or tri-merons 
whorls. Gyneceum monomerons; ovary with numerous marginal 
ovules. Fruit capsular or baccate. Seed with endosperm. 


Berberis vulgaris is the Barberry; its floral formula is A8+3, C3+3, 4343, 
G1; the flowers are in pendent racemes, nsually without terminal tlowers; 
when o terminal flower is present it ia acyclic and its formnls is K5 | C5 | 45 
{see Fig. 311, p. 498). Frait an oval berry. The leaves of the ordinary 
shoots are transformed into spines (Fig. 38), in the axils of which are dwarf- 
shoots bearing the foliage-leaves and the inflorescences. Epimedium has a 
dimerous flower; calyx of 4-5 whorls; petals spurred. In Berberis, sub-genus 
Mahonia, there are 8 whorls of sepals, and in Nandina many whorls the inner 
of which gradnally become petaloid. Podophyllam has sometimes 3 whorls 
of petals (thovgh the namber of petals varies in consequence of oligomery), 
and shows doplication of the stamens of the inner whorl. The anthers usvally 
dehisee by valves, but in Podophyllum and Nanding the dehiscence is longi- 
tudinal. 
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one bundle. Ovary monomerons, with one basal anatropous 
ovale: fruit a fleshy two-valved capsule: seed with ruminated 
endosperm. 


Myristicn moschata, the Nutmeg, is a native of New Guinea. The seed is 
invested by an aril (sce p. 459), an integument which is developed aftor 
fertilisation; it bas « netted or lnciniate appearance (Fig. 401 a); it is known 
in commerce as Mace, Seed large, with abundant ruminated endosperm; the 
innermost layer of the brown testa closely follows all the windings, aud this 
gives the endosperm a marbled appearance. 

‘The aflinities of this order are doubtful; it is commonly regarded as closely 
allied te the Lauraces. 


Order 5. Pouraon- 
acka, Flowers ambi- 
sporangiate, sometimes 
monosporangiate by 
suppression, trimerous 
(sometimes dimerous), 
with the typical formula 
K3, 03, A3+3, 6 (3): 


perianth in two whorls, 0D Uo! A 
homochlamydeous, either 

sepaloid or petaloid, 

sometimes reduced to 5 

leaves; stamens in ns- 

nally two regolarly al- Mt 


ternating whorls; the 


i Fi, 4% —A Portion of the stem (s) of Polygonum, 
aes stamens ~ with a leaf (B), its sheath (¥), and the ocres (0) (net, 
the outer whorl is fre- ise), B Flower of Rhoum : & external, ¢ internal 
quently increased by —perianth-whorl; a the stamens. C Fruit of Rumexy 
‘duplication ;. th ‘ber ‘enclosed by tho inner whorl of the perianth c; # dorsal 

pPheation; the number  jigew of one of the periunthleaves; & extertuil purl+ 
of the stamens is fre- anth-leaves. D fruit of Rheum (/): & outer, ¢ {unor 


quently reduced by sup- Perimtbwuorl (enlarged). 

pression, Ovary usually trimerons, unilocular, witha single basal 
orthotropous ovnle, The fruit is more or less enyeloped by the 
persistent perianth (Fig. 402 C). The seed contains endosperm, 
in which the straight or curved embryo is imbedded. The leaves 
have sheathing bases, and connate stipules (Fig. 402 4), forming 
an oerea (see p. 48) which embraces the stem for some distance 
above the leaf-sheath (absent in Eriogonum). 


‘This order, like the Lauracem, is commonly placed in the Monochlamydew, 
And the interpretation of the two-whorled perianth presents the same difficulty 
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often gamosepalous: stamens usually definite: ovary nnilocular, 
with basal placenta: seed with perisperm. 

Order 1, Canyornyiiaces. Flowers generally pentamerons, with 
calyx and corolla, though the latter is suppressed in some cases; 
sepals distinct or coherent: stamens in two whorls (see p. 508), 
of which the inner is often wanting; ovary 2-, 3-, or 5-merous, uni- 
looular, or multilocular at the base, with a central placenta or 
with a single basal ovule: fruit usually a capsule: leaves opposite, 
decussate: stems usually tumid at the nodes. 

Tribe 1. Aline, The corolla and the inner whorl of stamens are neunlly 
present; the calyx is eleutherosepalous ; fruit a capsule; usually no stipules. 

‘The British genera are Sagina 
(Pearl-wort), Arenaria (Sand- 
wort), Cerastinm, Stellaria 
(Chick-weeds and Stitch-worts), 
Spergnla(Spurrey),Lepigonum, 
Holosterm, Momchia; they 
are mostly small herbaceous 
plants with white petals, ocour- 
ring in meadows, on roadsides, 
ete., but species of Lepigonum 
(Spergularin), the Sandwort- 
Spurrey, and Arenaria (Honc- 





other principally by the namber 
of carpels present, and by the Fi, 403,—Longitudinal section of the fower of 
mode of dehiscence of the frait. peopel deinen rend = 
Tribe 2. Silenea. Thecorolla “° P- mphaes calyx corolla 5 
and the inner whorl of stamens" !#W*r sPpendages or corona, Citier mache} 


are always present: the calyx is gamoxepalous; stamens 10, filaments connate 
at base; the fruit is a capsule (in Cucubalus a berry); the Jeaves have no 
stipules; the floral axis is often elongated between the calyx and the corolla 
(Fig. 403 y): the petals (as in Lychnis and Saponaria) often have ligular ap- 
pendages (Fig, 403 x; see p. 515), 

‘The species of Dianthus, the Pink, which commonly oceur wild are D. deltotder, 
D, cosius and D. Armeria; D. Caryophytus, the Carnation, and D, chinensis, 
are well-known garden dowers: there are two styles, and the ealyx is sur- 
rounded at its base by bracteoles. The genus Saponaria has two styles but no 
bracteoles ; S. aficinalis, the Soap-wort, occurs on the banks of rivers. The 
genus Silene (Catebfly) bas three styles; S. inflata, nutans, and others, are 
comman in meadows. The genus Lychnis (Campion) has five styles; the 
species alba (veapertina) and diurna are digcious; L, Githage, the Coro-eockle, 
is common in flelds. 
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0242, dee, G2 or (x), or rarely with trimerons whorls: calyx 
sepaloid, corolla petaloid: the numerous whorls of stamens alter 
nate: ovary of two lateral carpels or of more (Fig. 4044), two- 
or more-chambered: ovules numerons, attached to the more or 
less infolded edges of the carpels: endosperm abundant, embryo 
small. The sepals commonly fall off before the flower expands 
(Fig. 404%). Plants with abundant milky latox. 


Papaver, the Poppy, has a many-chambered ovary; the rrait is a porous 
capwnie (Fig. 842 D): P. somniferum is cultivated for the sake of the oil con- 
tained in the seeds. and for the latex obtained from its capsules, which, when 
inspiseated, constitutes opiom: several species are Hritich, such as P. Rhos, 
the Field Poppy; P. Argemone, the Pale or Long Prickly-headed Poppy; P. 
heybridum, the Round Prickly-headed Poppy; P. dubium, the Lmg Smooth- 
headed Poppy; and Meconopsi« cambrica, the Yellow Welsh Poppy. Chelidonium 
majus, the Celandine, has 
two carpels, a siliquose 
froit, and orange-coloured 
milky latex. Glancium, 
the Horned Poppy, bas « 
siliquose froit which is 
generally spuriously bilo- 
enlar, Kuchecholizin cali- 
forniea i8 8 cultivated 
plant; it has a hollow re- 
coptacte, so that its flowers 
are almost perigynous. 


Order 2, Fumant 
Acesé. Flowers isobi- 





x Fra. 404.—Flower of Chelideninm mojne (amt. ine); 
laterally symmetrical,  kcalys; os outer, ei (nner petals; a s*amens ; n stigayn, 


A Diagram of the flower ot Chelidonium. @ Many. 


or zygomorphic with ordutera 


lateral symmetry: 
floral formula KY, 02+ 2, A2+2,G®. The three whorls of the 
perianth alternate; one of the outer petals (rarely both) is usually 
furnished with a spur; in most genera there are three stamens on 
each side, » central one, with perfect anther (the stamen of the 
outer whorl, Fig. 405 Ba), and two lateral stamens, each with only 
half an anther (apparently the halves of the stamens of the inner 
whorl; Fig. 405 Ba,e,). The fruit is siliquose and many-seeded, 
or one-seeded and indehiscent. Herbaceons plants without milky 
jatex, sometimes climbing by means of their petioles which act as 
tendrils (Adlumia, Fumarin). Seeds containing endosperm. 


The dowers of Adlumia, Dicentra, and Hypecoum are isobilaterally symmet- 
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base of the stamens (Fig 407 Bd). The ovary consists of two 
carpels with the ovules in two longitadinal rows on the connate 
margins of the carpels; these two parietal placente are connected 
by a membranons growth which, as it is not formed of the margins 
of the carpels, must be regarded as a spurious dissepiment (Figs. 
407 D* E*c, 342 Cw). When the fruit opens, the pericarp splits 
into two valyes corresponding to the carpels, leaving their mar- 
gins, as a frame or replum, bearing the placente with the spurions 
dissepiment attached: the seeds remain attached to them for some 
time (Fig. 342 C, p. 580). 





d 
B 


Fro, #7,—Flowers, fruits, and embryosof various Cruciferm, A Flower of Brastica (nat, 
Aine); # pedicel; kkcalyx; ccorolla. B The same after removal of the perianth (much 
Mag.); 4 @ the two outer short stamens; b the four longer inner ones; f the ovary; nthe 
sigma; d gland. CSiliqua ot Brassica: ydissepiment, D Angustiseptal siliculs of Thiaspi, 
2 Latinoptal silicnla of Draba. D* and B* Diagrammatic transverse section of the preced- 
ing 0 dissepiment; s seed. F Tndehiscent silicala af Inatix. @ Jointed ailiqua ot Rephanee 
Rophanistrums g stylg; UL separate mgments, K-H Dingrams of differently-folded 
embryos, with transverse sections: r radicles; ¢ ¢ cotyledons, 


The flowers are in racemes in which the bracts are suppressed ; 
when the lower pedicels are longer than the upper ones, the raceme 
becomes a corymb, and then the lower flowers are usually zygomor- 
phic, the petals turned towards the periphery being larger than 
those directed towards the axis of the inflorescence, as in Iberis, 

The form of the frait is of importance in the subdivision of this 
order. In some genera it is much longer than it is broad, when it 









wild Tarnip, with bright green hispid leaves and fint corymbs of flowers, among 
the cultivated varieties of which is the yur. depressa, the Turnip: Napus, the 
wild Rape, with glabrous glaucous leaves and long racemes of flowers, several 

- vorleties of which are cultivated for their oily sceds, and one (var. esculenta, 
the Teltow Turnip) for its fleshy root: Napobraszica, the Turnip-cabbage, 
including Rutabaga, the Swedish Turnip. #. campestris oleifera ig the trun 
Colza or Coleseod, from the seeds of which colza-oil is obtained, Brassica | 
(Sinapie) nigra and alta are the black and white Mustard. Jtrassdea Sinapia 
(Sinapia arvensis) is the Churlock or Corn-Mustard. ‘To this tribe belongs alzo 
the genus Diplotaxis, 

Sub-order 2, Sinrovroam. Fruit a silicula, 

A. Latisepte. ‘The disaepimont is in the longest diameter of the silicula. 

Tribe 4. Alyssinee. © =. Cochlearia officinalis is the Scurvy-grass; C. 

Armorncia, the Horse-radish, has a thickened root. Alyssum calycinum aud 
Draba (Krophila) verna, the Whitlow-grass (Pig 407 £), are common weeds: 
Latnaria biennis is Honesty. 

Tribe 5. Camelinee. (|. To this tribe belong Camolina (Gold-of-pleasure), 
and Subularia, the Awl-wort, an aquatic plant. 

B. Angustisepte. The dissepiment is in the shortest diameter of the silioula. 

Tribe 6. Lepidinee. CQ a. Capsetta Bursa Pastoris, the Shepherd's Parse, 
is common, as also various species of Senebiera and Lepidiam (Creases). 

Tribe 7, Thiaspidee. ( =. Variousspecies of Thinspi, the Penny-Cress, 
are common. To this tribe belong also the British genera Iberis (Candytuft), 

Toosdalin, and Hutehinsin, 

Sub-order3. Noovamyracen. Silicula indehiscent, few-seeded. 

Tribe 8. Isatidew. Ieatie tinctoria, tho Wond, has compressed, pendulous, 
unilocular, one-seeded fruits (Fig. 407 #): the loaves yield a bine dye, 

Sob-order 4. Lomextaon®. Fruit a siliqua or silioula, constricted into one- 
seeded segmonts (lomentaceous) (Fig. 407 @). 

Tribe 9. Cakiline. Silicula two-jointed. 
‘This tribe contains the genera Calale, the Sea. 
Rocket, and Crambe, the Sea-Kule. 

Tribe 10. Naphanee. Siliculn more or lees 
moniliform. Rephanue sativus is the Radish ; 
Rt. Raphanistram, the Wild Radish or White 
Charlock, is a common weed. 


Order 4. Carrartpacna. Flower iso- 
bilateral; formula K2+2, 0x4, A2+ 
2or a, Gor »: stamens 4 or more, 
when 6 very rarely tetradynamons ; 
gyniecenm borne on a special prolonga- _P*. 46-—Flower of Capparis 
tion of the axis (gynophore, p. 495) pete eticg Whee | } 
(Fig. 408¢). Froit a siliqua or aberry, gynecoum on ()gynophare, > 





The flower-buds of Capparis spinosa from the South of Europe are known as 
Capers. 


le 
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and whieh throws up petiolate foliage-leaves, and bracteolate peduneles each 
bearing a single flower: V. odorata has runners, but Iirta and collina have 
none:—in others, as V, carina, the Dog-Violet, the main stem is above ground 
and bears the folioge-leaves :—in V, mirabilis these two forms are so combined Per) 
that, in the spring, flowers are developed from the rhizome which have large blue 

petals but are always sterile; it is not till later that inconspicuous (cleistoga- 
mous, p. 453) flowers with minute petals appear on the leafy stem, and these 

only are fertile:—in V. tricolor and its allies the stipules are leafy and 

pinnatifid. 


Cohort V. Sarraceniales, Flowers regular, generally actino- 
morphic, sometimes monochlamydeons: stamens often numerous, 
ovary syncarpous, uni- or multi-localar; placentation various; 
seeds many, with endosperm; 
leaves adupted in various ways 
for the capture of insects. 

Order 1. Sarkackntaces. 
Flowers 9, nsnally dichlamy- 
deous, hemicyclic: stamens 15 
or more: ovary either unilocular 
and more or less chambered, or 
8- or 5-locular; placentation pa- 
rietal or axile: leaves pitchered 
(Fig. 410). 


‘This order includes the threo her- 
baceous genera Sarracenia, Darling- 
tonia, end Heliampbora, The two 
former have pentamerons diehlamy- 
deous flowers, each borne singly on a 
pedunele; the sepals and petals are 
in # arrangement, and the stamens 
are indefinite in Sarracenia and 15 in 
Darlingtonia; earpels 5, antivepalous 
in Sarracenia, antipetalous in Dar- 
eee Seay Sto 0 Olbiee anal Wie. AnicoLaivas kad aioe ke Sits 
main Sah Kin Hane cra wh 

‘ out screws, 
the flower haa a simple petaloid peri- 
anth, indefinite stamens, and # trilocular ovary; it is a native of British 
Guiana, 





Order 2. Nerexruacez. Flowers dimcious, monochlamydeous, 
tetrameroys; stamens generally 4-16, coherent into a central 
column: ovary quedrilocular, with axile or somewhat superficial 
placentation; leaves pitchered (Fig. 37, p. 58). 

¥. 4. BL RR 
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Order 2 Tamartcaces. Fiuwers 4- or 5-merons, with one or 
two whorls of stamens: calyx gamosepalous: ovary usually tri- 
merons, uniloenlar, with basal or parietal placentation: capsule 
loculicidal ; seeds with hairs: flowers in racemes or spikes. 

This order includes the shrabs known as Tamarisks: Myricaria, Tamarix, 
Reaumoria, and Pouquiera. Myricaria (Tamarix) germanica has monadelphous 
stamens. Tamarix gallica (or T. anglica) has become naturalised in England. 

Closely allied with this order and with the Elatinacem is the small order of 
Fraxxesrace®; the flower resembles that of Tamarix in the gamosepalous 
calyx and in the morphology of the gynweeum ; Frankenia levis, the Sea-Heath, 
occurs in salt marshes in Britain, 


Order 3, Erattxacer, Small water-planta, with entire stipulate 
leaves opposite or in whorls: flowers 3-4-merous; formola Kn, 
On, An +n, GQ; solitary, withont bracteoles, borne in the axils of 
the foliage-leaves; ovary multilocular. 

EB. herandra and MHydropiper (Waterworts, or Water-peppers) ocenr, but not 
commonly, on the margins of lakes in England. 

Order 4. Turxsrremucem. Perianth spiral; the calyx is not 
clearly distinguishable from the numerous bracteoles: stamens in- 
definite: ovary multilocular. Trees or shrnbs with scattered, 
generally coriaceous, entire leaves, without stipules. 

Camellia japonica is a favourite ornamental shrub: Then chinensis, of which - 
the dried leaves are tea; black and green tea are yurieties resulting only from 
the mode of drying the leaf. 

Order 5, Crvstacem (Gorriserm), Trees or shrubs with di- 
clinous flowers. 

Order 6, Diererocarescee. Trees: leaves usually stipulate : 
the gamosepalous calyx enlarges very much daring the ripening of 
the fruit. 


Dryobalanops Camphora, a native of Sumatra, yields the Borneo Camphor. 


Cohort VIL. Malvales. Flowers cyclic, generally pentamerous 
and actinomorphic: calyx often gamosepulous, with valyate msti- 
vation: corolla with usually contorted wstivation; stamens typi- 
cally in two whorls, frequently obdiplostemonons, sometimes 
branched, and often connate: carpels nsually five and then anti- 
petalous, often forming a multilocular ovary: seed usnally with 
endosperm. 

Order 1. Ticrace®, Sepals usually free: stamens 10 or 
indefinite, sometimes polyadelphous; in the indigenous species the 
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sepals are staminodes or they are suppressed: anthers 4-locular : 
the corolla is sometimes wanting: gynwceum usually syncarpous, 
with a single style and a 5-locular ovary with 2-00 seeds in each 
loculus. Flowers sometimes diclinous (Sterculicw). 

Theobroma Cacao is a treo of tropical America, the soeds of which contain o 
nitrogenous substance Theobromine anda fixed oil; from thom Chocolate is 
prepared. The seeds of Cola a-uminata, a tropical African treo, have similar 
Properties. 

Order 3. Matvacnx. Calyx usually gamosepalons, frequently 
invested by an epicalyx (p. 494); the corolla is adnate at the 
base to the andreecium: the typically obdiplostemonous andro- 





Fre 418.—A Flower of Malva Afcen (ont.size): k calyx; ¢ corolla ; # connate stamens, 
with the anthers (a);  atigmats. B Fruit of Alt\me roves enclosed in (k) the calyx; ak 
opicalyx. C'The same after the removal of the calyx. DA singls cocous of the same in 
longitudinal section : « weed; w radicle; st cotyledon of the embryo (mug). 
cinm is a long tube (Fig. 418 A) consisting of five monadelphons 
usually branched stamens which are opposite to the petals, each 
branch bearing a bilocular anther; there is sometimes an inner 
series of staminodes opposite to the sepals: carpels 5-00; styles 
many, connate; the gynmceum is sometimes almost apocarpons 
(Malopew); usually syncarpous with a moltilocular ovary, split- 
ting into cocci (Fig. 413 0 D), with usoally one ovule in each 
cocens (p. 530), or a loculicidal capsule (Hibiscem), Under. 
shrubs or herbs; leaves stipulate and generally palmately veined, 
Malva, the Mallow, has an epicalyx of three bracteoles, Hibiscus has one of 
many bracteoles, and Althwa has one of 6-9 bractooles: Althea rosea is the 








DICOTYLEDONES : POLYPETALR: DISCIFLORS. 613° 


Order 2. Taxack#. Dise generally a whorl of 10 small extra- 
staminal glands: formula K5, C5, (| A ¢ 545), @®: flowers acti- 
nomorphic, rarely all the whorls are tetramerous: stamens mona- 
delphons at the base; the whorl of stamens opposite to the petals 
is replaced by staminodia: each loculus of the ovary contains two 
ovules, and is often divided into two by a more or less complete 
false dissepiment: seed usually contains endosperm ; capsule septi- 
cidal. Herbs or shrabs; leaves simple, entire, with or without 
stipules. 

Linum usttaticcimum is the Flax: the strong bast-fbres are used in weaving 
linen; the seeds contain oil; the walls of the outer colls of the testa are muci- 


laginous, Thare'drd eaverslsBrillsh, apeclen of Tiras, Radiola, the other 
British gonus, has tetramerous flowers, 


Order 3. Exvrnnoxtiaces. Flowers regular: petals five, with 
a ligular appendage: stamens ten, connate at the base by means 
of a dise and forming a tube: ovary 2-3-locular, with one sus- 
pended anatropons ovule in each loculus: seed with endosperm. 


The wood of most of the species contain a red dye. Tho leaves of Erythrory- 
ton Coca are used as a stimulant: they contain cocain, 


Order 4. Oxatipaces. Disc present as small glands at the base 
of the antipetalous stamens, or of all of them: flowers actino- 
morphic; formula K5, C5, (| 45+5), G2; the antipetalous 
stamens are sometimes staminodial ; those which are opposite to 
the sepals are the longest: ovules numerous; fruit a capsule, or 
more rarely & borry; seed containing endosperm. Herbs, with 
compound (ternate), generally exstipulate leaves. 

Oxalis Acctosella, the Wood-Sorrel, ia frequent in woods; it contains much 
potassium oxalate. The tuberous roots or underground stems of some American 
species, as O. esculenta, crenata, and Deppei, contain much mucilage, and are 
used aa food. Some species (¢.g. O. gracilis) show trimorphic heterostyliam 
(p. 455): others (e.g. O, Acetoselia), have cleistogumous flowers (p, 453), The 
Waves of Oxalis and Averrhoa alow sleep-movements: those of Biophytum are 
sensitive to touch. 

Order 5. Batsamoxacea. Dise 0: flowers irregular, dorsiventral ; 
formula K5, 05, | A045, G&: the posterior sepal is spurred, and 
the two anterior are small or absent: the anterior petal is large: 
ovary 5-locular; ovules numerous; the frnit is loculicidally septi- 
fragal, the valves separate elastically and roll upwards, 50 that the 
seeds are projected to some distance; sced without endosperm, 
Herbs, with simple exetipulate leaves, 


—— i 
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the leaf, which is typically pinnate, is reduced to ite terminal leaflet which is 
articulated to the winged potiole (Fig. 32 G); the leat is sometimes spinous. 

Citrus medica is the Citron; C. medica var. Limonum, ia the Lemon; C. 
medica var, Limetta, isthe Limo; Citrus durantiom var. Biguradia (or 0. vulgaris) 
is the Bitter or Seville Orange, and C. Awrantium sinense is the Swoet Orange ; 
Oterus nobilis isthe Mandarin Orange; and Citrus decumana is the Shaddosk: 
all orig nally derived from tropical Asia. 


» 6 


Fig 416.—Flower and floral dingram of Citrus. 4 Open flower; corolla; s the partially 
connate stamens; #the stigua, B Bud; k ealyx; ecorvlls; a otl-glands, 

Order 9. Metsscem. Disc varions: stamens 5-10, generally 
monadelphous; the filaments have stipulate appendages; carpels 
usually 5; no oil-glands, but simple sacs (p. 139). 

Mahogany Is the wood of Swietenia Mahagoni (America). The wood of species 
of Cedrela is often erroneously termed * cedar-wood '': Guarea, Carspa, Melis, 
are other well-known genera. 

Order 10. Stotanveacem, Disc conspicuous: flowers actino- 
morphic, sometimes diclinous: stamens usnally 10, and then 
sometimes (¢.g. Ailanthus) distinctly obdiplostemonons ; gynmceum 
sometimes apocarpous: ovule usually solitary in each loculus ; 
there are no oil-glands in the leaves, bat the cortex and wood 
contain a bitter substance. 

Ailanthus glandulosa, the Treo of Heaven, from China, is a tres with multi- 
jogate pinnate leaves and s winged indehiscent fruit ; it is often cultivated. 

Order 11. Burserace®, Disc usually annular: flowers actino- 
morphic: gynmceum syncarpous; ovary with two ovules in each 
loculus: there are resin-passages in the bast. 

Bosweilia serrata (Bast Africa) yields Olibanum, a gum-resin; Commiphora 
Schimperi anil abyssinica yield the gum-resin Myrrh (Arabia and Abyssinia). 

Cohort Il, Sapindales. Flowers typically pentamerons and 
obdiplostemonous but with reduction in the androcium, actino- 
morphic or zygomorphic, sometimes monosporangiate: gynwceum 
oligomerons, usually synearpons. Mostly trees. 





i 
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blooming before the aafelding of sia leaves, and fruits with widely diverging 
Wings (even more than in Fig. 418); 4. campestre, the common Maple, which 
is sometimes shrobby, with « trilobate leaf, short erect racemes of flowers which 
bloom after the unfolding of the leaves, and fruits with wings which are dia- 
turtrically opposite. Some North American species are often oultivated, such a& 
A, rubrum, with five stamens opposite to the sepals, and a rudimentary disc; 
A. daaycarpum, with the same number and position of the stamens, without any 
corolla, and having diwcious flowers ; 4. Neyundo, with compound 3-5 foliolate 
eaves, and dimeious flowers like those of the proveding species. Sugar is 
prepared from the sap of 4, saccharinum and dasycarpum especially. 


Order 3. Potyoataces. Flowers irregular, dorsiventral; the 
two lateral sepals conspicnonsly large and known as “wings” 
(Big. 419’): petals throw, the two lateral being absent; the an- 
terior petal is very large and carinate: stamens usually eight, 
forming a tabe open posteriorly, to which the corolla, or at least: 
the anterior 
petal, is adnate 
(Fig. 4198): dise 
rodimentary: 
carpels two, 
median, forming 
a bilocalar 
ovary, each 


SY) ee Pre. 410 —Flower of Pylygala grandiflora. A seon trom ont 
taining a single igs arter tho removal of the wingesepal kB Tangivodinal 
suspended  srction: kealyx; k’ wing; coorolla; stube of stamens (After 
ovule: fruit ™™ 

usually a capsule. The flower somewhat resembles that of the 
Papilionem, but it must be borne in mind that here the two “ alw" 
or wings belong to the calyx. 





‘The Hower of the Polygalacem resembles that of the Aceracew in the supprea- 
sion of two stamens in the plane of the two carpels. 


Polygala vulgaris, amura, and others, the Milkworts, are herba, woody at 
‘the base, occurring in woods and meadows. 


Order 4 Ayacarpiaces. Flowers usually actinomorphic, and 
often diclinous: stamens nsvally inserted on the dise, but dise 
sometimes absent: gynwceum of but few carpels; sometimes one 
only is developed, the others being represented by two or more 
stigmata; each loculus of the ovary contains one anatropous 
ovule with dorsal raphe: resin-ducts present: seed without endo- 
sperm, 





na 
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or yellow dye; R. Prangula has scatterod leaves; its wood produces a par- 
ticularly light charcoal. 

Order4. Aspetipace#. Formula same as in Rhamnacem: sepals 
small; the corolla is often thrown off before it opens (Fig. 422 Ac): 
a glandular disc between the andrecinm and the gyneceum: 
ovules one or two in each loculus: fruit baccate. Climbing plants, 
with atem-tendrils ; leaves palmate, exstipulate or stipulate. 


Vitis vinifera, the Grape-Vine, probably derived from the East, is cultivated 
in endless varieties; other species, such as V.wulpina and Labrusca, as also 
Ampelopsis hederacea, the Virginian Creeper, are also frequently cultivated. The 
tendrils of the Vine (Fig. 24 4) are branches bearing sealy leaves in the axils of 
which other branches arise: their peculiar position opposite to tho folioge- 
leaves may be explained as follows: the ordinary shoots are sympodia, and 
each tendril is the terminal segment of a member of the aympodium; the ful- 
lowing member ix a shoot springing from the axil of the ioliage-haf which ie 
opposite to the tendril, 

Every third leaf has no 

tondril opposite to it, 

that ia to say, the mem- 

bers of the sympodium AQ 2 

alternately bear one or F Pal 

two leaves. The inflor- 

excences oceupy tho 

same positions as the 

tendrils. Each leaf has perenne peer fault Bae zis 
the moment of opening. B Open; 5 © corollas 

ae ae dn re glands; sstamons; fovary; w stigma llightly mag.) 

undeveloped or gives rise to a dwarf-shoot: from the axil of the oatapbyllary leaf 

of the dwarf-shoot an ordinary shoot is developed. In some species of Ampe~ 

lopais (¢.g. 4, Veitehit and Roylei) the tendrils attach themselves to flat surfaces 

by means of discoid suckers developed at their tips. 


Order 5. Agvirottacks. Dise wanting: one or two suspended 
ovules in each loculus of the usually tetramerons ovary ; stamens 
free, or adnate to and alternate with the petals: petals often con- 
nate at the base; leaves scattered, exstipulate. 

Tex Aquifolinm, the Holly, with its coriaceous, spinous, evergreen leaves, is 


common in plantations and woods: frnit a berry, The luaves known in oom- 
merce as Paraguay ten are derived from [. paraguensts in South America, 





Order 6. Tuywenmacex. Flowers more or less perigynous, 
with a disc; calyx and receptacle petaloid, with a four-lobed 
limb (Fig. 329 D); corolla often suppressed, or more or less rudi- 
mentary; stamens sometimes in two whorls, and then the four 
stamens opposite to the sepals are inserted higher on the tube of 


Wi a 





cious or diwcions ; the perianth sometimes consists of calyx and 
corolla, sometimes it is simple, and occasionally it is absent; the 


ovary is asually trilocular, with one or two anatropous and gener- 
ally suspended oyules in each ioculns: the seed contains endosperm: 
the structare of the flowers is very varions. The affinities of the 
cohort are not accurately known; but it can no longer be retained 
among the Monochlamydow. 

Order 1. Evenousiack®. The flower exhibits all possible de- 
grees of reduction. The perianth may consist of calyx and corolla 
(¢g-some Phyllanthem, such as Andrachne, Savia, Bridelia; some 
Crotonew, such as Chrozophora, Croton sub-gen. Hluteria, Ja- 
tropba, Cluytia, ete.); more commonly the corolla is suppressed, 
and in some cases (e.g. Euphorbia) the calyx also, The andrecium 
varies from 1 to 8 stamens: thus in 
Euphorbia the g flower consists of a 
single stamen, whilst in Ricinus the 
stamens are namerous and repeatedly 
branched (Fig. 333); they are some- 
times isomerons with the perianth- 
leaves. The gynwceum is typically 
trimerous, bnt the carpels may be more 
numerous (5-20 in Hura) or fewer (1 
in Eremocarpns) : the syncarpous ovary 
has as many loculi as there are car- 
pels: each loculus contains one or two 
(then collateral) suspended anatropous eat kiko 
ovules, the micropyles of which are  {n the axils of which are the 
directed outwards; the micropyle is "94s (i): pts the involucre 
ugoally invested by a micropylar aril a aoa) a eae ewe ierd 
(see p, 459), often termed the caruncle, Dedicel of the ¢ flower (f); = the 
which is conspicuous on the seed. The  #™a (enlareedh 
frnit is usually dry and dehiscent, splitting septicidally into cocci, 
A dise is commonly present, and is freqnently annnlar in the 9 
flowers: in the ¢ flowers the disc is usnally extra-staminal, 

They are plants of varions habit, from herbs to trees, some 
resembling species of Cactacer. Many of them possess laticiferous 
tissue (absent in Phyllanthew and some Stenolober), consisting 
either of laticiferons cconocytes (Euphorbiew: see p. 142) or of 
Taticiferons vessels (Crotonem) : the latex is usually milky, and in 
this case the laticiferous tissue is more highly developed than 
when (as in Mercarialis) the latex is not milky. 
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glomerules in which the terminal flower is usually 2 and the 
lateral ones ¢ ; the latter flowers have a simple 4-leaved perianth — 
and four superposed stamens (rarely nnmerons); the former 
have a trilocular ovary with two ovales in each loculus, the 
micropyle of the suspended ovule being directed inwards: fruit 
a capsule, with loculicidal dehiscence, For the most part shrubs. 


Buzus sempervirens, the Box, isan evergreen shrub of Southern Europe; tho 
wood ia valuable. 


Order 3. Emverracks. Disc wanting: flowers diacious, with 
three sepals, three petuls, three stamens or a 6-9-locular ovary: 
ovules solitary, ascending: fruit drupaceous, They are shrubs 
resembling Heaths in appearance. 


Empetrum nigrum, the Crakeberry, is a small shrub occurring in the north of 
Enrvpo and in the Alps. 

Order 4 Oancireicnacez, Aquatic plants, with decussate, 
linear or ovate leaves, in the axils of which stand the solitary 
diclinous flowers which are destitute of a perianth: the ¢ flowers 
consist of a single stamen; the % of a bilocular, spuriously 
quadrilocular, ovary, with four suspended ovules, the micropyles 
of which are directed outwards. 

Callitricke verna and other species, forming the section Enu-eallitriche, are 
either partially submerged or they creep on muddy banks, and in them pollin- 
ation takes place in the air: but in the section Psendo-callitriche (of which C. 
outumnalis is the British representative) the plants aro entirely submerged, and 
consequently pollination takes place under water (see p. 484). 

‘This order has beon associated with the Haloragidacem; but the general 
structure of the flower, especially the remarkable reduction which it presents, 
and the number and attachment of the ovules, seem rather to indleate afinity 
with the Euphorbiacea. 


SERIES HI. CALYCIFLORZ. 


Flowers epigynous or perigynous: calyx usually gamosepalons; 
stamens definite or indefinite: gynmeeam syncarpous or apo- 
carpous, 

Cohort I. Umbellales. Flowers regular, sometimes actino- 
morphic, epigynous, with generally a single whorl of stamens 
opposite to the sepals : calyx inconspicuous: ovary biloculax, with 
one ovule in each Joculus: a disc between the stamens and the 
styles: inflorescence usually umbellate: seed containing endo- 
sperm: leaves exstipulate, 

Vv. 8. B. ea 
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(viltm) (Fig. 426 B, C, 0), and sometimes other secondary ridges, 
(juga seeundiria) (big. 426, BE, F, n), which do not enclose vascular 
bundles. The mericarp when ripe is filled by the seed, which 
consists of the abundant endosperm (Fig, 426 0, D, F, e) en- 
closing a small embryo. According to the form assumed by the 
endosperm, the following groups may be distinguished: the Ortho- 
spermee, in which the surface of the endosperm, which is directed 
towards the plane of junction of the two mericarps, is flat or con- 
yex, as in Carom (Fig. 426 0); the Campyloxpermem, in which the 
endosperm is concave towards the same plane, as in Conium (Fig. 
426 D), and the Calospermee, in which the whole endosperm is 
curved, so that it is seen to be concave 
towards this plane both in longitudinal 
and in transverse section, as in Coriander 
(Fig. 426 F). 

The flowers, with few exceptions (Hy- A 
drocotyle, Astrantia, Eryngium), are in 
compound umbels; in some few cases, as 
in Daucus, the umbel has o distinct ter- 
minal flower which is black in colour: an @ 
finvolucre and involucels are largely de- B 
veloped in some species, in others they 
are wholly wanting. The hollow stem 
bears large leaves with generally well- 
developed sheathing bases and much 
divided Inminw: rarely the leaves are 
simple, as in Hydrocotyle and Bupleuram., 


ad 


Fre, 427.—Feoit of Carum 
Tho British genera are arranged as followa :— Carvi, A Ovary of the fower 


Sab-order f. Oxrwosrxumna. (&. B Ripe Fruit. ‘The two 

A. Umbels simple. curpols have separated fo un 

Tribe 1. Hydrocotyle, Fruit Interally com- 4 form wo Leremcielind 
presed, The genus Hydrocotyle consists of tutes the earpophore (a). 
smarsh-plants with peltate leaves (Fig. 31). 

Tribe 2. Suniculee. Fruit nearly cylindrical, This group includes the 
genera Astrantia, Eryngium, und Sanicula. 

B. Umbels compound. 

‘Tribe 3. Amminee. Fruit without secondary ridges, laterally compressed: 
Ammi, Bupleurum, Petroselinum, Apium, Hgopodium, Carum (Figs. 426 C, 
and 427), Cienta, Sinm, Pimpinella, Trinia, Conopodium, Sison. 

Tribe 4. Sesclinee. Secondary ridges absent, or if present (Siler) not 80 
promiventas the primary ; frnit not compressed: A2thnsa, Foniculum,Enaothe, 
Seseli, Meum, Ligusticam, Silaus, Crithmum, Siler. 

‘Tribe 5. Anyelicee, Frait without secondary ridges, dorsally compressed, 
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Order 1. Passirtonace#. Flowers pentamerous, perigynous, 
sometimes dicecious ; hetween corolla and androcium there is ® 
so-called corona consisting of a number of filamentous appendages, — 
probably representing a dise (see p. 527): the gynmceum fre- 
qnently, and generally also the andrecium, is elevated upon an 
elongation of the axis (gynophore, or gonophore, p. 495): stamens 
five, often monadelphons, opposite to the sepals: ovary unilocular 
with three parietal placentw: leaves palmate. Climbing plants, 
with tendrils, each tendril being a lateral axillary branch, and | 
frequently the main axis of an inflorescence. 


Several species of Passiflora, the Passion-Flower, from tropical America, are 
cultivated. 


Order 2. Pararacem. Flowers diclinons, hypogynons: stamens 
4n two whorls: ovary usually unilocular with five parietal 
placenta. 


Carica Papaya, the Papaw, is cultivated in the tropics on account of its 
edible fruit: its Latex is rich in proteolytic ferment (papain). 


Order 3. Brcontackm. Affinity doubtful. Flowers diclinons; 
perianth rarely heterochlamydeous: the ¢ flowers have two 
dimerous petaloid perianth-whorls, and indefinite stamens crowded | 
together: the 9 flowers are epigynous; the perianth consists of 
five petaloid leaves; the ovary is usually trilocular, with nnmerons 
anatropons ovules borne on axile placentm: fruit a capsule: leaves 
often very large, usually oblique: inflorescence cymose, the ¢ 
flowers being terminal on the first branches, the 9 terminal on j 
the last. 


Many species of Begonia, derived from the tropics, are cultivated as orna- 
mental plants, 


Order 4. Coconprraces. Flowers diclinons or polygamous, often 
irregular: corolla of five petals, often gamopetalous: stamens 
epipetalous, five, but they frequently cohere, either in pairs, so 
that there appear to be but three (Fig. 428, diagram), or all 
completely into a single continuous ring (Cyclanthera); the 
anthers are commonly long and sinuous: ovary inferior, unilocular, 
becoming spuriously multilocular, with one or (more often) many 
ovules; it is, however, often described as multilocular (usually 3) 
with projecting axile placentw: fruit buccate, a pepo or a sucen- 
lent berry, often of great size, with a relatively thick and solid 


| 
= _| 
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Mamillaria has 4 spherical or cylindrical stem on which tubercules, arranged 
spirally and bearing spines, represent the leaves. Echinopsis and Eehinocactas 
have angular ridges on which the tufts of spines grow. Cereus has an angular, 
columnar, elongated stem. Phyllocactus and Bhipsalis have compressed leaf- 
like stems. Opuntia and Nopalea have flattened stems composod of a suc- 
¢ession of flattened ovate shoots. ‘I'he Cochineal insect lives on Nopalea cocci- 
nellifera, 


Cohort IIT. Myrtales. Flowers usually actinomorphic, 
encyclic, epigynous or perigynous, with usually two whorls of 
stamens, typically obdiplostemonons: gynmceum syncarpous, with 
usually a single style: leaves osually opposite. 





Fie, 420.—A Flower of Fuchsia: # pedicel ; f inferior ovary; k wepals, connate at tho 
base, forming & tube (vr); a stamens; g style, n stigms. B Flower of Byitobium hirsutum 
(letcera as before). O Fruit of Kpilobiam after dehiscence; w outer wall; m colamella 
formed by the septa; #3 seed with tufts of hairs (mat. wise). 


Order1. Owacracex. Flowers usually tetramerons thronghont, 
generally epigynous: antipetalons stamens sometimes suppressed : 
ovary multilocular, with generally numerous ovules on axile 
placente: fruit a berry or a capsule; seed without endosperm. 
Calyx often petaloid, forming a long tube (Fig. 429 A, r). 

(Enothera biennis, the Evening Primrose, occurs on river banks ; the seed has 
not a tuft of hairs, and the flowers are yellow. Epilobium is the Willow Herb, 


of which many species are common ; &. angustifolium, hirsutum, aod montenum 
occur in fields, hedges, and ditches ; the seeds have a tuft of long hairs ; flowers 








— 





DICOTYLEDONES ! POLYPETALA : CALYCIFLORE. 63L 


P. PN 5 an Paco Da ly acne rte ee 
indehiseont frnit: gynmeeum dimerous in both genera. Several 
Ouphea, having a dorsiventral flower, with nips Mma 3 
from Mexico, are eultivated, é 

Order 4. Myrracer. Flowers 4- or 5-merons, epigynous: sta- 
mens often very numerons, free, or connate in usnally antipetalous 
bundles (Fig. 431); sometimes few and obdiplostemonous: ovary 
1--loeulur; seeds 1-co in each loculus, without endosperm: 
placentation and fruit various: leaves usually opposite, dotted 
with oil-glands. Shrubs or trees. 

Tribe 1. Myrtee. Fruit a berry or a drupe; stamens indefinite. 

Myrtus communis is the Myrtle of Southern Europe; the genus Engenia 
ineludes a number of ornamental sbrabs, among which is XZ. (damboza) Caryos 
phyllus, the buds and flowers of which yield the spice known as cloves (Pig. 492). 

‘Tribe 2. Leptospermee. Fruit a cxpsule, debiscing looulicidally from above 
downwards; stamens generally indefinite, frequently in bundles which are 
opposite either to the sepals or to the petals (Fig. 431). 





‘Fro, 432.—Flowur-bud of Jamboas 
Pra, 411.—Longitudinal section of Caryophyllus, tho Clore, in longitudl- 


the flower of Celothamnns ; f ovary; nal section 5 f the inferior ovary, with 
«calyx; » corolla; # antipetalons the oll-glands (dr); a the ovules; & 
Dandie of stamens; g style. (After calyx; c corolla; st stamens; @ ane 
Bachs.) thers ; 9 style (enlarged) 


Callistemon, Melaleuca, Metrosideros, Calothamnus, and others, are or- 
namental plants: Eucalyptus Globulus, from Australia, is much planted in 
marshy districts, which it tends to dry up by its active transpiration. 

Tribe 3. Chamelanciea. Stamens often definite and obdiplostemonous: 
ovary aniloculur: fruit usally one-seeded and indehiscont. 

Tribo 4. Leeythidew, Fruit large, woody, debiscing with o lid, or inde. 
hiscent; leaves scattered, without oil-glands ; stamens indefinite. This tribe is 
sometimes regarded os a distinct order, Lacyrarmacem. 

Bertholletia excelon grows in tropical America; its seeds are known as 
Brazil oute. 


Uli 4 
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the Almond-troe, and nana, aro trees of Southern Europe; P. Pereica is the 
Peach: in the sub.genus Pranophora, the froit has a smooth stony endocarp; 
P. commitnia (spinosa) ia the Sloe or Blackthorn; P, Armeniaca is the Apricot ; 
P. domestica is the Wild Plum, it has an ovoid fruit and glabrous shoots; P. 
insititia is the Bullace, it has a globoid froit and hirsate shoots: in the sub- 
genas Cerasus, P, Cerasus, the Dwarf or Morello Cherry, has foliage-leaves at thé 


Fie, 483.—Disgrammatic longitudinal sections of Rosaceous flowers. 4 Prunem. 
B Potentillow. CO Romom. D Pomem: & calyx; ¢ corolla; Sovaries ; m stigmata. 


base of ita umbellate inflorescences; P. Avium, the Wild Cherry or Gean, has 
only soales at the base of its inflorescences: in the sub-genus Laurocerasus, 
P. Mohaleb, the Damson, has fragrant bark; P. Padus, the Bird.Cherry, has 
elongated racemose inflorescences; P. Laurocerasus, the Cherry-Laurel, has ever- 
green leaves which somewhat resemble those of the true Laurel; P. lusitanicu 
is tho Portugal Laurel. 

Tribe 4. Foteriee, Flowers often monoxporangiate: corolla often absent ; 
ovaries few. often but ono, monomerous, enclosed in the cavity of the receptacle 
which hardens as the seod ripens: ovules solitary, suspended. 

‘The genus Alchemilla has tetramerons flowers destitute of a corolla, the 
stamens (4 or fewer) alternate with the sepals; an epicalyx is prosent: A. 
vulgaris, the Lady's Mantle, and 4. arvensie, are common. In the genus Pote- 
rium, the Sowers of the sub-genus Sangnisorba (P. officinale, the great Burnet), 
have no corolla, the fonr stamens are opposite the sepals, and they have no 
epicalyx: the flowers of the sub-genns Poteriam (P. Sanguisorba, the Salad 






Buraet), resemble those of the pre- 
ceding, but the stamens are in- 
definite, and they are polygamous. 
The flower of Agrimonia is penta- 
merous; it has a corolla and in- 
definite stamens; the outer surface 
of the receptacle is beset with 
bristles, 





Tribe 5. Potentillee. The ovaries, 
which are numerous, are inserted 
upon a prolongation of the axis into 
the cavity of the receptacle (Figs. 
483 Band 434 8); each usually con- 
taius one ovale, ‘The calyx is often 


a t : 
: 
a B ; 


Fid. 434.—A Flower of the Cherry: # pee 
duncle ; ¢ corolla; a stameuay 9 style, pro 
Jeoting out of the cavity of the receptacle. B 
Fruit of the Blackberry, Rubus frubicoms: 
calyx; ffloahy ovaries, 








Order 2, Lecumixosz, Flowers usually dorsiventral, pan 
fous, pentamerous, with calyx and corolla: stamens ten or more ; 
ovary of a single anterior carpel; ovules borne on the ventral 
suture: frait alegume or a lomentum: flowers always lateral: 
leaves nearly always compound, 


‘The Legaminosm, more particularly the Papilionew, are remarkable physi- 
ologically by the presence of tubercles on their roots, caused by the attack of a 
Puugue, and by their extraordinary faculty of Rovio Sees ee aaa 
bined nitrogen: these two facts are un- 
doubtedly correlated, but the exact nature 
of the correlation is still a matter of dis- 


ventral, papilionaceons (Fig. 827 4). The + 
five repals, the odd one being anterior, are 

connate, forming a tube above the B ray 
insertion of the corolla and the andreecium : 
the five lobes are usually uvequal and 
sometimes form two lips, the lower of three 
and the upper of two teeth: petals five, ipulecomuh ee orenree 
alternate with the sepals, imbriente so that ala removed, & calyx, Ja vexillam y 
the anterior petals are overlapped by those fala; scarinn. J) With the corolla 
behind them; the posterior petal is much  Temoved; r tube formed by tho nine 
enlarged, and in called the cesillum (Big. amie x ie, fre Rigen Aer 
495 Alfa); the two lateral petals, which “Sth Sema. 
are mach suwaller, are termed the ale (Pig 435 4, fl); the two anterior petals 
are connate or sometimes simply apposed, and form a hollow bont-shaped body, 
the keel, or carina (Fig. 436 4,*). In a@ few cases the corolla is entirely or 
partially soppreseed; thus ia Amorpba, only the vexillam is present. ‘The ten 
stamens belong to a single whorl, with direct diplostemony; they are either 
‘connate and monadelphons, forming a tube, or the posterior stamen may be free, 
so that the tube consists of niue stamens, and is incomplete posteriorly (Fig, 435 
B), in which case the andrecium is diadelphous (9-1) ; rarely the stamens are 
all free; thoy mostly eurve upwards, and diminish in length from in frout back- 
wands, The ovary, enclosed by the staminal tabe, consists of » solitary anterior 
earpel; it is often diuded futo ehambers by a spurious longitudinal septum, or 


Milli 
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Jomentum, with transverse septa, dividing into segments. Cotyledons leaty, 


epigmal. 

Hippocrepis, the Horse-shoe Vetch, and Coronilla are common in meadows ; 
Onobrychis sativa, the Sainfoin, ia enltivated, Arachis hypogaea, the Karth- 
Almond or Ground-Nut of tropical America, ripens its fruits in the earth, 


hypogean; leaves paripinnate and nsoally cirrhose (see Fig. 28 C). 

Vicia sativa, the Vetch, and V. Faba, the Bean, are cultivated : other species 
occur wild, Pisum sativum and arvense, the Pea, are cultivated. Lens caculenta, 
the Lentil, belongs to Southern Europe. Various species of Lathyras (incl. 
Orobus) oecur wild in woods: L. odoratus and others are cultivated. 

Tribe 9. Phaseolee. Stamens diadelphons: legume nnilocular; cotyledons 
usually epigean, but not leafy : leaves usually imparipinnate, frequently ternate, 
Mozsily climbing plants with twining stems. 

Phaseolus vulgaris, the French Bean, and P. multislorus, the Scarlet Runner, 
are cultivated. Wistaria (Glycine) chinensis isan ornamental climber. Phy- 
sostigma is the Calabar Bean, 





Fre. 437.—Flower of an 


Pro, 490.—¥lower of &@ Cnesing Acacia (mag.); k calyx: ¢ 
Roalyx; ccorolin; a stamens; af corclia ; st stamens, with 
‘the central shorter ones; f ovary. (an) anthers; » stigma, 


Tribe 10. Daltergiee. Stamens mono- or dia-delphous : legume indehiscent; 
cotyledons fleshy. 

Pterocarpas, Dipteryx odorata, the Tonka Bean of South America, contains 
coumarin in the seed. 

Sub-order 2, Camsaveisine. Flower dorsiventral, but not papilionnseans 
(Fig. 327 B end Fig, 486); petals imbricate so that the posterior petal is 
overlapped by those anterior to it; stamens ten or fewer, free, more rarely 
connate: the legume is frequently divided by transverse septa, and js in- 
dehiscent; flowers in panicles or rncomes : seeds often albuminous, 

Gleditechia triacanthos and other species are culivated for ornament, Cercis 
Siliquastrum, the Judas tree, has rounded leaves. The wood of Ceealpinia 
brasiliensis is known as Pernambuco or Braxil wood. Hmmatorylon, Cassia, 
Gauhinia, Tamarindas, and Ceratonia (C. Siligua, the Carob-tree) are other 
well-known genera. 

Sab-order 3, Misosnm. Flowers regular; petals with valvate mstivation 
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uanally two, diverging above (Fig. 386 D): inflorescenes of racemose cymes : 
fruit. a capsule: leaves alternate, 

‘The British genera are Saxifraga and Chrysospleniam :—Saxifraga has an 
oblique bilocular ovary, and the fower is consequently obliquely zygomorphic 
(Pig. 324 C); the receptacle invests the lower connate portion of the ovary: 
many species occur in mountainous districts, and in several of them there is a 
deposit of carbonate of lime on the margins of the leaves (see Fig. 100, p. 139) ; 
only @ few species, such as S. tridactylites and granulata, oceur in the plains: 
Chrysosplenium, the Golden Saxifrage, has a tetramerous flower destitute of a 
corolla; they are small plants, somewbat resembling e Euphorbia, occurring in 
damp places, Among the more familiar cultivated genera are Astilbe (Hoteia), 

, Bergenia (Fig. 489), Tiarella, Houchera, ete. 

‘Tribe 2. Parnassiee. Flowers perigynous, often actinomorphic; the five 

stawens opposite to the petals are transformed inte glandular staminodes ; 


A 





if 
¥F1q. 440.—Fioral diagram of Parnassia; 

Pro. $W.—Longitudionl section of the ‘but the whorl of antipetalous staminodes: 
ovary of Bergenins g style; m stigromia; should be represented as external to the 
P placentas (xang.). (After Sachs.) ‘whorl of stamens. 
petals with imbricate wstivation: ovary 4-5-merous, unilocular: frnit a loculi- 
cidal capsule: leaves alternate, 

Parnastia palustris, Grass of Parnassus, has a whorl of radical leaves, and 
terminal and lateral peduncles each bearing a single flower and adnate toa 
bractoole: it is frequently found in damp localities. 

Tribe 3. Sfydrangee. Flowers epigynous, actinomorphio, obdiplostemonons: 
petals with valvate mstivation ; carpels 3-5: shrubs with opposite leaves. 

Hydrengea hortensis is a well-known garden plant. The inflorescence is an 
umbellate panicle, the marginal flowers of which (in cultivated plants all of 
them) are sterile, having a very much enlarged calyx, and eitherno stamens or 
only the whorl of stamens opposite to the sepals, 

Trile 4. Philadelphee. Flowers epigynous, sctinomorpbic, 4-G-merous: 
stamens in two whorls but not obdiplostemonous, or indefinite: petals with 
various wstivation: fruit a capsule: shrubs with opposite leaves. 

Philadelphus coronarius (called Syringa or Mock Orange) han sweetly-scented 
tetramerous flowers, Dentsia seabre, crenata, and others are cultivated. 

¥. 8, B, tt 





64h 


with parietal or axile placentation: ovules numerous: seed with 
endosperm. Shrabs with simple exstipulate leaves, and schizo- 
genons resin-ducts. 

Pittosporum Tobira, undulatum, crassifolium, are ornamental shrabs from 
Australia, 

Order 5. Hasawetivacez. Flowers frequently diclinons and 
apetalons, 4-5-merona, perigynoua, or nearly epigynons: stamens 
typically in two whorls, but one or other of the whorls is fre- 
quently suppressed: ovary usually bilocular; leaves stipulate. 

Hamamelis virginica, the Witch-Hazel, isan ornamental sbrab from North 
America, the leaves of which somewhat resemble those of the Hazel. Other 
well-known shrabs are Parrotia, Liquidambar, ete, 

Order 6. Popostemaces. Small aquatic plants: flowers some- 
times diclinous or diacious: perianth generally much reduced, and 
sometimes completely suppressed: stamens one or many, some- 
times monadelphous: ovary superior, l- 2- or 3-lovular: seeds 
many. 

A very remarkable group of plants, growing on stones, ete., in swiftly flowing 
streams and rivers of the tropics : so complete is their adaptation to their en- 


vironment that they have more or lexs completely assumed the general habit 
and appearance of Lichens, Algw, Mosses, and Liverworts, 


DICOTYLEDONES : GAMOPETALE, 


SUB-CLASS IL GAMOPETALA), 


Flowers nsnally ambisporangiate: perianth differentiated into 
ealyx and corolla; calyx usually gamosepalous; corolla generally 
gamopetalons, in some cases suppressed: ovary usually synearpous. 


SERIES L HYPOGYNA. 


Ovary superior (except in Vacciniacew): stamens epipetalous, 
or free and bypogynous. . 

Cohort IL Lamiales, Flower pentamerons, usually dorsiven- 
tral: the formula is generally + K (5) (0 (5) 4 5) G®; corolla 
usually bilabiate, the two posterior petals being connate and 
forming a frequently helmet-shaped (galeate) projecting upper 
lip; the anterior petal, with the two lateral petals, forming the 
under lip: stamens epipetalons; the posterior stamen is usually 
suppressed or is. a staminode; the two lateral stamens are generally 
shorter than the two anterior ones, so that the flower is didynam- 
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Tribe 4. Metissinre. Stamens 4, didynamous, with narrow connee!ive, re 
‘mote at base, conniving under upper lip. 

Melissa offcinatis, the Balm, and Hyssopua, the Hyssop, are cultivated as 

‘Iribe 5. Monardee. Stamona 2, ascending: one theen of each anthor is 
either wanting or it is widely separated feom the other (seo Fig. 3810). 

Salcia verbenacea, the Wild Sage or Clary, is common. Rosmarinus officin. 
alis, the common Rosemary, is exotie. 

‘Tribe 6. Nepeter. Stamens 4, didynamons, ascending, parallel; the pos- 
terior two are the longer. 

Nepeta Cataria, the Catmint, occurs in hedges; and Nepeta Glechoma, the 
Ground Ivy, is very common. 

Tribe 7. Stachydew, Stamens 4, didynamous, ascending, parallel; the 
anterior two are the longer: upper lip of corolla. usually arched (ringent). 

Lamium allnm, the Denad-Nettle, and purpureum, are very common, Various 
species of Galeopsis (Hemp-Nettle), Stacbys (Woundwort or Betony), Marrubiam 
{H rehound), Ballota, Melittis, and Leonuras {Mother-wort) are found in 
England. 

‘Tribe 8 Scutellariee, Stamens 4, didynamous, ascending, parallel; calyx 
closed when the fruit is ripe. 

In the genns Seutellaris, the anthers of the anterior pair of stamens have bat 
one theea; S, galerteulata, the common Skulloap, and S. minor, the Lesser 
Skulleap, are common. In the genus Prunella each filament has a small 
tooth below the anther: P. rulgaris is common. 

Tribe 9. Ajugoidre, Stamens 4, didynamous, ascending, parallel ; the pos- 
terior two are the shorter; upper lip of corolla very sbort, 

Ajuga reptans, the Creeping Bugle, and Teucrium Scorodonia, the Wood 
Germander, are common. 


Order 2. Versexacem. Flower sometimes regular: stamens 
fonr, didynamous, or two: ovary 1- or 2-locular, with two ovules 
in each loculus, or spurionsly 2- or 4-locular in consequence of the 
presence of false dissepiments, with one ovule im each loculus: 
endosperm small or absent; the froit separates into 2-4 nutlets: 
style terminal: leaves usually opposite. 

Verbena officinalis, the Vervain, is common on waste ground and roadsides = 
¥, Awbletia is a common garden plant. ectona grandis, the Teuk-tree of the 
East Indies, has a hard wood used in ship-building. Viter Agnus castus, the 
Chaste or Hemp-tree, is an ornamental cultivated shrab. 

Order 3, Gropvtariuck®. Stamens four, didynamons: ovary 
unilocular, with one suspended ovule : style lateral: seed with en- 
dosperm : leaves scattered: inflorescence capitulate, 

Globularia eulgaris and cordifolia, with radical leaves, ocoar here and there in 
dry places on the Continent. 

Cohort I. Personales. Flowers pentamerous, usnally dorsi- 
ventral: stamens epipetalous; the posterior stamen ix usually 


Hie 
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has an obliquely campanulate (digitaliform) corolla ; stamens 4D. purpurea 
is common in woods; the yellow D. grandijlora is cultivated, 

has a globose corolla; S. nodova (Figwort) and S. aquatica are common, 
Veronica, the Speedwoll, has only the 2 postero-latoral stamens, and the two. 
lobes of the upper lip of the (rotate) corolla are united; the posterior lobe of 
the calyx is suppressed (Figs. 444 2, 446 0): VF. Anagallis and V. Beceabunga 
ure common in ditches; V. arvensis, agrestis, serpyllifolia, Chamedrys, and 
others in pastures and fields. Sibthorpia has a sub-rotate 5-8-fid corolla, 
aud four stamens; S, eurvpea is the Cornish Moneywort. 

Pedicularis, the Lousewort, has a 5-toothed calyx, and the upper Hp of the 
corolla is galeate ; Euphrasia, the Eyebright, has a 4-toothed calyx, the upper 
lip of the corolla has two spreading’ or reflexed lobes: Bartsia has a 4-toothed 
calyx, upper lip of the ringent corolla entire or only notched: Rhinanthus, the 





Pro. 445,~Plowers of Scrophulariacem, 4 Antirriinum: k calyx; r tubo of the personate 
corolia, gibbous at the base (A); o opper, w under lip of the corolla; g prominence (palate) 
of the under ip, B Upper lip of the same, soon from within: «the two longer anterior 
Mamens; # the short lateral ones; st radimentiry posterior one, C Flower of Veronica: 
kealyx; & ww the three lobes of the lower lip of the rotate corolla; e the upper hp; «sthe 
two stamens; # stigma, 

Rattle, has a four-toothed inflated calyx: Melampyrum, the Cow-Wheat, has a 
4-toothed tubular calyx, and the capsule is few-seeded : all these plants posseea 
eblorophyll, but they are more or Jess parasitic upon the roots of other planta, 


Order 2. Puayracrsaces. Flowers regular, isobilateral, and 
apparently tetramerous, but the true interpretation of them is de- 
daced from those of Veronica (Figs, 444 B and 446): the posterior 
sepal is suppressed, as also the posterior stamen; the two posterior 
petals cohere to form an upper lip which is quite similar to one of 
‘the lobes of the three-lobed lower lip (Fig. 445 (): stamens four, 
the two anterior nob being suppressed: ovary dimerous, bilocalar, 
or sometimes unilocalar or spuriously 4-locular: ovules solitary 
and basal, or numerous: fruit a capsule with transverse debis- 
cence, or a nutlet: seed with endosperm. 











‘the roots of the Hazel : it is of a pale rose colour with slightly bluish flowers: 
‘the subterranean scaly leaves cach form a kind of pitcher apparently for the pur- 
pose of catching insects. 

Order 7. Lextiucrarnacer. Only the two antero-lateral stamens 
are developed (Fig. 444 0): ovary nnilocalar: ovales numerons on 
& free central placenta: seed without endosperm. 


The nomerous species of Utricularia are floating water-plants with finely 
divided leaves bearing bladder-like appendages (modified leaflets) which serve to 
catch small aquatic animals (Fig. 447). Pinguiewla vulgaria and alpina (Batter- 
worts) are emall plante growing in damp places, with rosettes of radical leaves 
which cateh insects by their viscid secretion. 


Cohort III, Polemoniales. Flowers generally regular, but 
zygomorphio in consequence of oligomery in the gynweenm; pen- 
tamerous: stamens epipetalous: ovary of two, rarely five, carpels= 
leaves usually scattered and 
exstipulate: the inflorescence is 
often cymose, with a terminal 
flower : formula K (5) (O(5) A5) 
G2 to (). 

Order 1. Convonrunacesz. 
Usually two niedian carpels 
forming a bilocular ovary, with 


1-2 anatropous ovules in each F10, “7.— Biadders of Utricuinria, A 
Ontalde views + pedicel; o entrance; i and 
localns: the corolla has usually 4 pristiy appendages. B Section: # a valve 


a contorted estivation, twisted opening inwards and preventing tho exit of 
to the right: fruit a septifragal —  ‘™Prisened animal (mag). 

capsule, or a berry: seed with endosperm. Commonly plants 
climbing by twining stems : with milky latex, 


Conrolvulus arvensis, the lesser Bindweed (Fig. 829 A), and Calystegia 
Septum, the larger Bindweed, the former with two smal] bracteoles, the latter 
with two large bracteoles which invest the calyx, and C. Soldanelia, the Sea- 
Bindweed, are common wild plants, Batatas edulis ia cultivated in tropical 
America for its edible tuberous rhizome, the Sweet Potato. 

‘The genus Cuscuta consists of parasites destitute of chlorophyll, with filiform 
twining stems, which attach themselves to other plants by means of haustoria 
{sce p. 66), and derive their nourishment from them: the small flowers are 
arranged in fascicles (Fig. 448 >): the corolla has imbricate wstivation: fruit a 
capsule with transverse dehiscence, 

Cuacuta europea, the greater Dodder, which oocurs commonly on Nettles and 
Hops, is widely distributed: C, Epilinum is the Flax Dodder, and C. Epithymum, 
the lessor Dodder, occurs on various low-growing plants; C. Trifolii attacks 
Glover, which it often destroys. 
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18, which, however, is not inserted at the base of its axillary shoot 
(the point of the arrow indicates its proper position), but is dis- 
placed upwards until it is close under the bracteole 2a; this 
displucement is repeated throughout the whole system of the cyme, 
so that in Atropa there are always two leaves below each flower, a 
larger one (Fig, 449 A la, 2a, and so on) which is the bracteole of 
the flower, and a smaller one (Fig. 449 A 08, 18, 2B, ete.,) which 
is the bract from the axil of which the flowering-shoot springs. In 
other of the Solanew similar arrangements are found. Most plants 
of this order are poisonous, 


‘Tribe 1, Selanee. Frnit a berry: embryo curved. In the genus Solanum 
the anthers are syngenesious ; S. Duleamara, the Bitteraweet or Woody Night- 
shade, has a blue flower, and S. nigrum has a white flower; both are common; 
S. tuberorum is the Potato-plant. Phyalis Alkekengi, the Winter Cherry, has 
an inflated red calyx which encloses the berry. Lycopersicum esculentum is 
the Tomato. The fruits of Capsicum longum and annuum are known 98 Chili 
Peppers. Atropa Belladonna is the Deadiy Nightsbade; the uvthers are not 
syngenesious, and the corolla is cawpanulate; the berries are black and very 
poisonous, Lyeium darbarum is w shrub belonging to Southern Europe 
which has become wild in places in the North, Hyorcyamus niger is the 
common Henbane ; the capsule dehisces transversely (pyxidium), 

‘Tribe 2. Daturea. Capsule almost quadrilocular in consequence of the 
outgrowth of the placenta, 4-valved: embryo curved. Datura Stramonium is 
the Thorn-apple. 

‘Tribe 8. Cestrea, Embryo straight: all five stamens fertile. Nicotiana 
Tat acam is the Tobacco plant (Fig. 829 B): Petunia is commonly cultivated 
(Pig. 824 D): Cestrum is a well-known genus of greenhouse shrubs, 

‘Tribe 4. Salpiylossidee. Embryo straight; stamens unequal, only 2 or 4 
fertile. The tribe inclades many cultivated herbaceous or shrabby plants, suck 
as Salpiglossis, Schisanthus, Browallia, Streptosolen, 


Order 4. Bonacixaces. Ovary consisting of two median carpels, 
spuriously quadrilocular in consequence of a constriction along 
the dorsal suture of each carpel (Fig. 450 0, rv): the single style 
nsoally arises from the incurved apices of the carpels (gynobasic), 
and is surrounded at its base by the four loculi (Fig. 450 B): each 

+ loculus contains a single suspended anatropous ovule: when the 
fruit is ripe the loculi separate completely, and appear to be four 
natlets: seed without endosperm: the corolla usoally has five scaly 
ligular appendages at the junction of the limb with the tube (Fig. 
450 A 6): inflorescence scorpioid (see p. 492), often very compli- 
cated. Herbs or shrubs generally covered with harsh hains and 
only rarely glabrous, ¢.g. Myosotis palustris. 
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common Centaury, is common in pastures (Fig. 451). Species of Cicendia and 
Chlora also occur in Britain. $ 
Sub-order 2. Mexranrmea, Leaves spiral: corolla with valvate mstivation. 
Menyanther trifoliata, the Buck-bean or Bog-bean, with tervate leaves, is 
common in marshes (Fig. 324); Villarsia nymphoides (or Limnanthemum 
peltajum) is found in ponds and rivera, 


Order 2. Locaxtacea. Corolla with usually valvate mstivation: 
ovary usually bilocular, each loculus containing one or several 
ovules: seed with endosperm (Fig. 295 4). Mostly trees with 
opposite and usually exstipulate leaves; some are climbers with 
either twining stems (¢.g. Fagrwa, Gelsemium), or stem-tendrils 
(species of Strychnos). 

Semen Strychni, or Nux vomica, the seed of Strychnos Nux vomica, in the Bast 
Indies, is extremely poisonous, The South American Indians poison their 
arrows with a substance known as Curare, in the preparation of which the 
cortex of species of Strychnos is used. 


Order 3, Apocywacea. Corolla with contorted mstivation. The 
two carpels are usually connate only by their styles, which become 
free as they ripen: seed usnally devoid of endosperm. Herbs or 
shrubs, sometimes climbers, with milky latex. 

Tinea minor (see Fig. 824 A) and other species, the Poriwinklos, are common 
creeping plants, wild and in gardens. Nerium Oleander, an ornamental sbrab, 
and species of other genera (e.g. Allamanda, Landolphis, Amsonia, Dipladenia) 
are often cultivatid: Allamanda ond Dipladenia include serambling species, 
climbing by means of hooks: Allamanda has « unilocular ovary with two 
parietal placente. 


Order 4, AsctiReraDack®. B 
Corolla with usually imbri- 
cate wstivation, The two 
earpels usually form two dis- 
tinct monomerous ovaries: A 
styles short, united into one Py ae 
stigma: stamens connate, C ° 
forming a tube surrounding c 
the gyneceum, baying pouch- 


shaped (Fig. 452 4 B, t) and 

Gpeealayet tig 405 43,8) oe are es eae 
Appendages: anthers 2-4 the pouches, of the stamens, B A rolhwary sta 
locular; the pollen of each ™™! othe anther. 0 Pollen-masses, y and p, 
snc forms a mass (pollinium, see p, 434), and the masses of each 
pair of contiguous sacs adhere (Fig. 452 0, p, p) and are conveyed 
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The flowers of Jasminum grasdiflorum and other species belonging to 
Southern Europe, contain a very fragrant ethereal oil, 

Cohort V. Ebenales. Flowers actinomorphic, eas a 
formula often K(4) O(4) 44+4, GM, the outer (antisepalons 
stamens being sometimes suppressed : stamens epipetaldns : carpels 
opposite to the sepals: ovary maltilocalar, with one or two sus- 
pended ovules in each loculus: fruit usually fleshy: seed usually 
with endosperm, 

Order 1, Savotacez. Tropical trees with latex in sacs. 

The latex of species ie Palaquium, Isonandra, Mimusops, etc., eonstitutes 
gutta-percha, 

Order 2: Enexacea. Trees; flowers generally diclinons. 

Diospyros Kbentim in the East Indies, and other species in different parts of 
the world, yield the wood known aa Ebony: D. Kaki, the Persimmon, has an 
edible fruit. { 

Order 3. Srrracea. Flowers perigynons or epigynons: trees. 

Gum Benzoin is the rosin of-Styraz Benzvin in tho East Indies: Halesia 
tetraptera the Snowdrop-tree, is a shrub frequently cultivated. 

Cohort VL- Primulales. Flowers actinomorphio, asnally pen- 
tamerous: formula K(5) (C(5) A0+5) GM: stamens inserted of 
the tube of the corolla and opposite to its lobes: gynwecenm con- 
sisting of five connate carpels which are opposite to the sepals; 
ovary unilocular, with a free central placenta or a single central 
ovale: seed with endosperm. 

Order 1. Primutacex, Style single: ovules indefinite, on a free 
central placenta (Fig. 338 G): the corolla is gamopetalous, tubular 
below, expanding above into a 5-lobed limb; it is anppressed in the 
genus Gloux: the stamens (Fig. 454 a) are generally adnate to the 
tube of the corolla and ave opposite to its lobes ; this position of 
the stamens is explained by assuming the suppression of an outer 
antisepalous whorl of stamens which is represented in some genera 
(e.g. Soldanella) and in the following order by petaloid staminodea, 
an assumption which is confirmed by the analogy of those Ebenales 
in which the outer whorl of stamens is suppressed: fruit a capsule. 
Herbaceous plants with conspicuous flowers. 

‘The genus Primula has a 5-valved dehiscent capsule, and a 5,cloft calyx. 
Primula wulgaris is the Primrose; Primula elatior and P, veris are the Oxlip 
and the Cowslip or Paigle; they are remarkable in that they are heterostyled 
(seo p. 455). The capsule of dnagallis arveusts, the Pimpernel, 


transversely (pyxidium). Cyclamen europ@um, the Sow-bread, has an under- 
ground tuber; the lobes of the corolla arc reflexed. Lysitachia, the Yellow 
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Order 1. Ertcackx, Anthors generally opening by two pores at 
the top (Fig. 455 A), often farnished with appendages: pollen 
in tetrads : fruit a capsule, or succulent : a well-developed disc. 


Sab-order 1. Ruopopexpnorwse, Fruit a septicidal capsule ; corolis fugw 
cious : anthers without appendages. 

Rhododendron ferrugineum and hirsutum, the Alpine Roses, are wild on tha 
continent: other species of Rhododendron (incl. Azales), from the mountains 
of Asia and North America, us also species of Kalmia from North America, are 
cultivated. Dabvecia polifolia, the Irish Menziesin or St. Dabvsoc's Heath, 
Phyllodoce tazifolia, the Scottish Menziesia, aud Loiseleuria procumbens, tho 
trailing Azalea, represent the sub-order in the British Flora, 

Sub-order 2. Anavrommma. Fruit « berry, or a drupe, or a loculicidal cap- 
sule: corolla fugacious : anthers usually appendioulate. 

Andromeda Polifotia, the Marsh Andromeda or Wild Rosemagy, oconrs in 
peat-bogs, and Arctostaphylos Uva Ursi and alpina, the red and the black 


k aS 
er @ 


Fig, 455,—A Flower of Eriea: « pedieol; & calyx; ¢ corlia; « anthers. J Fruit of 
Pyrola rotundifolia: pedicel  kealyx; f fruit, the loculi of which alternate with the sepals; 
gatyle; matiguia, C Plower of Vaccinium Myrtillue; fovary (inferior); k calyx) ¢ earvllte 
Floral diagram of Erica : the stamens opposite to the petals are faintly shaded. 


Bearberry, on the mountains of Scotland. Arbutus Unedo is the Strawberry 
tree of Southern Europe, and Gaultheria is the Aromatic Winter-green. 

Sub-order 8, Enrcores. Fruit usually « loculicidal capsule: corolla por- 
sistent ; anthers usually appendiculate. 

Calluna Erica, the Ling or Heather, with « sopticidal capsule and a deeply 
4-partite coloured calyx, is common on moors: the principal British species 
of Erica, are E. mediterranea (or carnea), the Irish Heath; #. Tetralix, the 
cross-leaved Heath ; £. cinerea, the grey or ine-leaved Heath ; and H. vagans, 
the Cornish Heath. Very many species belong to the Mediterranean region, 
and to the Cape. 


Order 2. Eracnipacez. The whorl of stamens opposite the 
petals is usnally wanting: the anthers open by one fissure only. 
Australian plants. 

v.94, B. VV 
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‘The gynwcenm is often oligomerons, and then usnally trimerons (¢.g- 
most species of Campanula and Phytenma), sometimes bilocalar (Jasione, 
species of Phyteuma): when isomerouy, the carpels are cither aotisepalons 
fod therefore opposite to the stamens (¢.9, a few species of Campanula, Fig. 
$12, Michanxia, Wahlonbergin), or antipetalous and therefore alternate with 


the st«mous (¢.7. Mussehia, Platycodon). 
ei) 
* 
a A 
Be 
Fro. 456.—Andreclum and gynecenm of Fro, 467 —A Floral diagram of = spo- 
Campania: f inferior ovary; ¢ insertion cies of Cawmpanula with « trimerous 


of the corolla; @ anthers; } expanded base ovary (e.g. C. persteifolia) : 4 gynmwoeum 
of the stamens; w stigmata (mag.). of Lobelia, 


Campanula rotundifolia, the Hare-bell, glomerata, and other species are com- 
mon in fields, on beaths, ete., ete. : C. Medium is the Canterbury-bell cultivated 
in gardens. Phyteunw orbieulare and spicatum, tho Rampions, are indigenous 
in parts of England; the flowers are in capitula, and the cal-x is deeply 5 cleft 
with spreading teeth: nearly allied ix the genus Jasione; J. montana, the 

} Sheep’s-bit, in common in England. Specularia has a rotate corolla; S. 
Speetsdum, Vonus's Looking-glass, ix cultivated. 

Order 2. Lovetiacex, Flowers dorsiventral, resupinate (Fig, 
458; see p. 511): the corolla commonly forms a tube which is 
more or less cleft on one side, and 
the limb is divided into two lips, 
the lower one consisting of three 
Jobes (Fig, 458 Au), and the upper 
of two smaller ones (A, 0): at their 
first formation the position of these 
parts is exactly the reverse, but 
in the course of development the 
pedicel undergoes torsion, so that 
those parts which are originally 
posterior become anterior, and vice 
veri: anthers syngenesious (Fig. pia Nae Ree aa me 
458 B, er) and unequal in con- the corolla; rstemene B Androncium 
sequence of the dorsiventrality of Am! Eymitceam of the same # tube 


jormed stamens eothers 
the flower: ovary 1-, 2-, or 3-locu- tab: dies ss: 
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limb which persists on the top of the frait; 8, arvensis, the Field Madder, is 
found in cultivated and waste places, 

Sub-order 2. Covrenm. Stipules scaly: Loculi 1-sooded. 

Coffea arabica, tho Coffee-tree of Africa, is grown in the tropics ; the frait, a 
berry, contains one or two seeds; the so-called coffee-bean is the seed, which 
consists of hard endosperm and contains a small embryo. Cephaelis yields 
Ipecachuana. 

Sub-order 3. Crxcmoxem. Stipules scaly; loculi many-seeded. 

Various species of Cinchona, indigenous to the eastern slopes of the Andes, 
but enltivated in Java and the Kast Indies, yield the cinchona-bark from which 
Quinine is prepared. Bouvardias are ornamental greenhouse plants from 
Central America. 

Order 2. Carrironracez. Flowers usually pentamerous, actino- 
morphic or zygomorphic: corolla usually with imbricate sstiva- 
tion; gynm@cenm 2-5-merons: ovales suspended: frnit baccate; 
seed with endosperm: leaves opposite, usually exstipulate, 
Mostly trees or shrubs, 





Fie, 490.—Floral dingram of 
Caprifolincwm. 4 Loycestorin: 
agynmeeum of Lonicera; b of 
Symphoricarpus, 





Fre, 401,—Flower of Lontcera Caprifelium: fovary; koatyx; r corolla-tabe; ee the five 
lobes of the timd ; sf stamens; g style; n stigma, 


Tribe 1, Sambucer. Flower regular, sometimes completely actinomorphis, 
corolla rotate (Fig. $29 C); one ovale in each looulns, 

Sambucus has a 6-partite corolla, and 3-5 seeds in the berry; S. nigra is the 
Elder; 8. Rlulva is the Dwarf Elder or Danewort, Viburnum has a 65-partite 
corolla, and one seed in the trimerous berry, two carpels being abortive; V. 
Lantana and V. Opulus, the Guelder Rose, are common; « form of the Inst 
species is cultivated in which all the flowers (and not merely those at the 
circurnferenee of the corymb as in the original species) have « large corolla, and 
are barren ; V”, Tims is the Laurustinus. Adoxa moschalellina, the Moschatel, is a 
gall plant occurring in damp woods; its flowers are 4- or 5-merous; it appears 
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haves pappus whilst Valerianella has not. Valeriana officinalis, and dioica, are 
common in damp places, Valerianelia has a toothed calyx-limb; many species 
are common in fields: Valerianelia olitoria, Corn-salud, or Lamb's-lestuce, is 
eaten. Centranthus ruber is an ornamental plant; only one stamen and one 
earpel are developed (Fig. 462, Diagram B); at the base of tho tube of the 
corolla is a spur which is indicated in Valoriana by a protuberance. 


Order 2, Dirsaces, Flower more or less dorsiventral, sur- 
rounded by an epicalyx (Mig. 463 &) formed of connate bracteoles: 
ealyx often plumose or bristly (Fig 463 &): corolla usually bila- 
biate: stamens only four, the posterior one being suppressed; 
ovary apparently dimerous, one carpel being more or less com- 
pletely suppressed, unilocular, with one suspended ovnle: seed 
with endosperm: leaves decussate, exstipnlate: flowers in a dense 
capitalum surrounded by an involuere of bracts; the outer florets 
are asnally ligulate: the receptacle may or may not bear scaly 
bravts (palew): fruit invested by the epicalyx which is cleft longi- 
tudinally. 

Dipsneus, the Teuzle, has a calyx without bristles; the capitula of Dipeacus 
Puiionum are used in finishing woollen cloth, for the sake of the strong hooked 
spines of the palew: D. sylvestris is common on waste ground. In the genus 
Scabions, the palew, which are usually present, are not spinous : in the sub-genua 
Aaterocephalus, the epicalyx (or inyolucel) is 8-farrowed, and its projecting limb 
is dry and scarious ; 8S. Columbaria, with a 5-lobed corolla, ia common in dry 
pastures : in the sub-genos Suecisa, the limb of the 8-farrowed epicalyx is her- 
baceous; 8, auceiza, with a 4-lobed corolla, occurs in damp meadows: in the 
eub-genus Knaatia, there are no palem but the receptacle is hairy, and the epi- 
calyx is 4-farrowed ; 5, arvensis is common in fields, 


Order 3. Comvostr#. The flowers are always collected into 
many-flowered capitulu (sometimes only I-flowered); different 
kinds of flowers ($, 2, or sterile) generally present in the same 
head: ovary dimerous unilocular, with a basal, erect, anatropous 
ovule: the calyx is rarely present in the form of small leaves or 
scales (Fig. 406 D, p) ; more commonly it is a crown of simple or 
branched hairs (pappnos; Figs. 464 p; 466 A, PB, p), and is not 
developed till after the flowering is over; sometimes the 
calyx is wholly wanting: corolla tubular, either regular, and 5- 
toothed (Figs. 464 A, c; 466 O, m,c), or irregular and expanded 
at the upper end in a lateral limb with 3 or 5 teeth (Figs. 464 B; 
466 B, ra; 466 A, ra, c), when it is said to be ligulate: the sta. 
mens are short, inserted upon the corolla (Fig. 4h A, st); the 
anthers are elonguted and syngenesions, forming u tube through 
which the style passes (Figs. 404 A, a; 466 A, a); this is bifid at 
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Tribe 1. Ettpatoriee. Leaves mostly opposite: flowers all tubular, i a 
branches of style narrow ; papillm extending to the middle. 

Kupatoritim cannabinum, the Hemp Agrimony, i dorininses Goeateeae 

Tribe 2. Asteroidew. Leaves alternate: ray-torets 9 or sterile, generally 
ligulate; branches of the style hairy above, papillw extending to where the 
hairs begin. Many species of Aster, belonging chiefly to North America, are 
cultivated as ornamental plants, as also Callistephua hortensis, commonly known 
as the China Aster, Zrigeron acre, alpinum, and canadense ocour in England; 
the last is an imported weed. Bellis perennis, the Daisy, has no pappus. Solidago 
virgaurea ix the Golden Rod. 





Fro, 46.—Flowers of Composites: f trait or ovary ; h tts beak; p pappasy ¢ corolla: & 
starmen-; Ganthors; nh atigmata. A Ligulute Mower of Taraxacum, with #6Loothed corolla- 
limb, J. B Capitalum of Achilles: ra floret of the ray, with ligulate 3-toothed corolla, %: 
‘= § florets of the disc, with m 6-toothed tubular corolla; ¢ involucre. € Longitudinal 
section more highly magnified, r receptacle; «involucre; d bracteoles (pace); ro floret 
Of the ray; m florets of the diso; w’ stigmate of the ? flowers, D Fruit of Tanscetum 
with scaly pappus: B of Taraxacum, with a hairy pappus; h beak: F of Artemisia 
without @ pappus (mag.), 


Tribe 8, Senecionidew. Leaves alternate: rny-florets in one row, ligulate 
@, rarely absent: branches of the style tufted at the tips. 

Senecio vulgaris, the common Groundsel, bax no ray-florets. Arnica montana 
occurs in Alpine woods, Two species of Doronicum (D. Pardalianches and 
plantagineum) have become naturalized in England, Petasites vulgaris, the 








functions are performed by the protoplasm, though the other cell- 
contents and the cell-walls are not without their physiological 
importance. With regard to the functions themselves, it is 
apparent, in the first place, that the outcome of the physiological 
activity of the plant is the maintenance of itself, and the produc- 
tion of new individuals resembling itself, Hence a distinction may 
at once be drawn between the nutritive and the reproductive pro- 
perties of protoplasm. Moreover, during its life, the plant 
responds, in a more or less marked manner, to the action of 
external forces, such as light, gravity, etc. This isa manifesta- 
tion of another property of the protoplasm, namely irritability or 
sensitiveness. Very commonly the response to the action of the 
external forces is of the nature of movement : but movements may 
be spontanconsly performed by various parts in virtue of the auto- 
matism of the protoplasm: the motile property of protoplasm may 
be termed moiility. 

The nutritive property of protoplasm requires, however, farther 
analysis. First, it is clear that natrition necessarily depends upon 
the absorption of food from without; hence the plant is capable 
of performing the function of absorption. Secondly, from the food 
absorbed, protoplasm must ultimately be formed; the building up 
of protoplasm ont of the food is termed assimilation, and the pro- 
perty by means of which this fanction is performed is termed the 
metabolie property of protoplasm. 

But the metabolic processes going on in the protoplasm are not 
only such as lead to its maintenance or increase in bulk; on the 
contrary, the protoplasm is continually undergoing decomposition. 

Stating these points in a more general form, it is to be clearly 
apprehended that there are two sets of chemical processes con- 
tinually and simultaneously going on in living protoplasm. Of 
these, which together constitute the metabolism of the plant, one 
set inclades those processes which lead to the formation of more 
complex substances from simpler ones; the other, those processes 
which lead to the formation of simpler substances by the decom- 
position of more complex ones. The former are designated tho 
emstructive melabolism or more shortly, the anabolism, of the proto- 
plasm ; the latter are designated the destructive metabolism, or the 
catabolism, of the protoplasm. It must also be clearly understood 
that these two sets of processes affect not only the state of the 
matter or substance of which the plant consists, but also the state 
of the energy in the plant: for the anabolism is accompanied by 
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limits, the escape of the cell-snp as the pressure in the cell in- 
creases, and it is on this account that the high degree of turgidity 
of plant-cells is attained. Finally, the presence of an elastic 
cell-wall is obviously # necessary factor, for without resistance 

there can be no pressure. - 

It commonly happens, as will be subsequently pointed out in 
many instances, that an escape of cell-sap from turgid cells may 
take place without any raptore or injury of the cells; this is 
termed the escape of cell-sap by filtration under pressure. 

Tt is clear, since the plant can only absorb dilute solations of 
solids dissolved in water, that 2 much larger quantity of water 
than is necessary for the immediate wants of the plant, must be 
absorbed ; and it is necessary that this excess of water should be 
got ridof. lt is got rid of mainly in the form of watery vapour 
which is exhaled into the air. This exhalation of watery yapour 
is not simply physical evaporation, but is a vital phenomenon 
controlled by the living protoplasm; it is termed 

2. Meranoutsa. This term refers to all the chemical changes 
which goon in living protoplasm itself, and which it induces in 
other substances. 

a, Analolisn. Tt has been already stated that the metabolic 
processes included under this head, are those in which complex 
substances are formed from simpler ones. The most complex 
substance of all being protoplasm, it may be stated that the end of 
the anabolic processes is the construction of protoplasm, 

The anabolic process which is most fandamentally important, 
and which is most characteristic of plants as opposed to animals, 
is the construction, by the green parts of plants under the in- 
finence of light, of organic substance from carbon dioxide 
absorbed from the air, and water absorbed from the soil. This is 
the first step in the process of assimilation as carried on in 
plants containing chlorophyll. 

tb. Catabolism. Under this head are incladed the dissociations 
which the molecoles of protoplasm undergo, and those which it 
induces in other complex substances, either directly, or by means 
of certain metabolic substances known as enzymes or nnorgamised 
fermenta, 

Tn most cases the catabolism of the plant is accompanied bya 
gaseous interchange between the plant and the air, of this nature 
that the plant absorbs oxygen gas and gives off carbon dioxide, 
‘This gaseous interchange is known as respiration. 


—— 
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generally spores, each of which is capable of developing into a new 
organism (see pp. 3, 67). 

§ 3. The External Conditions. The functions of the plant 
can only be carried on under « certain coincidence of favourable 
external conditions. Thus, an ordinary green plant will only 
flourish when the conditions are such that it is supplied with 
appropriate food, with water, and with oxygen for its respiration, 
and is exposed to a suitable temperature and to sufficiently in- 
tense light. 

The importance of a supply of food and of water is sufficiently 
obvious to need no further explanation here. The importance of 
& sapply-of oxygen is that without it the normal catabolic pro- 
cesses which are attended by an evolution of kinetic energy in 
the plant would either cease, or be so far suppressed that the plant 
would no longer manifest its vital phenomena; for instance, it 
would cease to grow, and would eventually die. But it must not 
be assumed that these catabolic processes are the ultimate source 
of energy in the plant: on the contrary, the energy evolved in 
the decomposition of a substance only represents a part or the 
whole, according to the degree to which decomposition proceeds, 
of the energy expended in producing the substance. And here it 
is that the importance of heat and light to the plant becomes 
apparent; for the heat and light of the sun are the ultimate 
sources from which the plant obtains the energy necessary for the 
maintenance of its life. Heat is an essential condition to the per- 
formance of all the vital functions of the plant: and light is an 
essential factor in that most fundamental of all the nutritive 
processes of the green plant, the assimilation of carbon dioxide, 

Inasmuch as the influence of heat and light is so comprehen- 
sive, it may be generally considered now, the detailed considera- 
tion of these and other external conditions being relegated to the 
discussion of the functions which they especially affect. 

Heat. Every fanction of the plant can only take place within 
certain limits of temperature: that is, between a certain minimum 
and a certain maximum degree. Between these limits there is for 
each function a degree of temperature, the oplimum, at which that 
fanction is carried on with the greatest activity; any fall of 
temperature from this optimum, or any rise above it, leads to a 
diminished activity of the function. These general laws have been 
arrived at by observation of such processes as movement, absorp- 
tion by the roots, assimilation, etc, 

¥,8.B. , ux 
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thus escaped and frozen forms an incrastation (Fig. 467), con- 


sisting of a number of elongated icc-crystals arranged side by 


side. This ice is very pure, for the substances in solution in the 
cell-sap remain behind in a more concentrated form. 

It has been ascertained that this formation of ice is, in itself, 
not necessarily fatal in all cases. If the frozen part be slowly 
thawed, the cells may gradually reabsorb the water, and so return 
to their previous normal condition. If, however, the frozen part 
be rapidly thawed, the cells cannot absorb the water snfficiently 
rapidly; it therefore either collecta in the intercellular spaces, 
causing discolouration and decay, or it runs off and evaporates, 80 
that the part dries up. In many cases, however, slow thawing 
does not ensure immunity; for instance, the leaves of the Pamp- 
kin or the Dablia: it appears that, in such cases, the escape of 
water from the cell, which takes place at the time of freezing, 
causes fatal disorganisation of the cells. Again, in the case of 
long-continued cold, the ice formed outside the cells may be 


gradually removed by evaporation, so that on thawing, the water ~ 


necessury to restore the normal condition of the cells is not forth- 
coming. 

The effect on the trunks of trees of exposure to cold is to cause 
radial splits, which close up again as the temperatare rises, but 
which actually heal only in the cortex, The splitting is due to 
the unequal contraction of the wood, which is greater in the 
external more watery portion, than in the interior. 

Licur. The influence of light may be considered under two 
heads: (1) the chemical effects, produced for the most part by the 
less refrangible rays of the spectram; (2) the mechanical effects, 
produced mainly by the highly refrangible rays. 

The most conspicuous chemical effects ave manifested in plants 
which normally contain chlorophyll, They are:— 

a. The formation of chlorophyll: in Phanerogams the colouring- 
matter of the chloroplastids cannot acquire its green hue (except in 
the seedlings of Conifers and some other plants), but remains 
yellow (etiolin), unless exposed to light of not too great intensity, 
This effect is not confined to the rays of low refrangibility, but 
is prodnced (with equal intensity of light) also by those of high 
refrangibility. The formation of chlorophyll is also dependent on 
temperature, and will not take place if it be too low; hence the 
shoots of plants developed in the early spring remain yellow if 
‘the weather is cold. 
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eell-sap, or of the cell-wall, of the constituent cells. The follow- 
ing remarks apply especially to the terrestrial higher plants. 

a. The Togumentary Tissue (pp. 132, 153, 208), whether pri- 
mary (epidermis) or secondary (periderm), has as its primary 
function the mechanical protection of the underlying tissues: but 
it has the further functions of absorption and of preventing 
excessive transpiration, 

The absorptive function is confined to the primary tegumentary 
tissue: it is by means of this tissne that absorption is carried 
on by subterranean roots, either with or without root-hairs (see 
pp: 154, 159), as also by the goneral surface of sabmerged parts 
of aquatic plants (p. 157). 

The prevention of excessive transpiration is effected by the 
more or less well-marked cuticularisation of the walls of the 
epidermal and peridermal cells of sub-aerial parts. Since these 
walls, though more ov less pervious to gases, are almost or 
altogether impervions to watery vapour, the watery vapour 
evolved in the interior of the plant has to escape throngh special 
apertures, namely the stomata and the lenticela: and the tran- 
spiration is further regulated (see p. 156) by the opening and 
closing of the stomata. The importance of the tegumentary tissue 
in preventing desiccation is directly established by the fact that 
parts of plants deprived of their tegumentary tissue quickly dry 
up: and indirectly, by the relation between the degree of develop- 
ment of this tissue and the conditions of life of the plant. Thus, 
this tissue is highly developed in plants which grow in dry 
situations, whereas in the submerged parts of aquatic plants it is 
imperfectly differentiated, and there are nsually no stomata or 
lenticels: hence, the more the conditions of life tend to promote 
transpiration, the more highly-developed is the tegumentary tissue. 

The epidermis of sub-aerial parts also produces hairs of various 
kinds. The fonction of these is often secretory, indicating the 
importance of the epidermis as a glandular tissue (see p. 142). 
Bat, more commonly, they are purely protective, serving to 
diminish transpiration and radiation, and to sereen the chlorophyll 
from too intense light. A clothing of hairs is characteristic of 
zerophilous plants; plants, that is, which habitually grow in dry 
soil and sunny situations. 

The primary tegumentary tissue is also of importance in con- 
nection with reproduction, as it sometimes gives rise to repro- 
ductive organs (e.g. sporangia of Leptosporangiate Filicinw). 
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is most perfectly developed in the stems of land-plants which 
grow erect and have to support the weight of many leaves and 
branches: whereas in water-plants the development of stereont 
is rudimentary, for their stems, being supported by the water, do 
not need to be highly rigid. 

When it is developed in the walls of fruits or in the seed- 
coats, the sclevenchymatous tissue serves to protect the seed from 
being eaten or digested by animals. 

a. The Tracheal Tissue of the Xylem (sce p. 133). It is clear 
that when a plant-body is massive, partly subterranean and partly 
subserial, there must be some means for readily distributing the 
water and other substances absorbed by the root. This dis 
tribution may take place by diffusion from cell to cell; and, as 
matter of fact, this mode of distribution suffices in some plants in 
which the seat of absorption is not far from that of consumption 
(eg. larger Fungi and Algw), But when these points are widely 
separated, special conducting-tissue, in the form of the tracheal 
tissue of the xylem, is differentiated. 

The function of this tracheal tissue is demonstrated by the 
following experiment, If a cut be made all round the stem of « 
dicotyledonous tree, to such a depth as to penetrate far into the 
xylem, the effect is that the leaves, borne on the stem and its 
branches above the incision, will soon droop and wither. This is 
due to loss of water, in conseqrence of which the cells of the 
leaves lose their turgidity, and the leaf-blades and petioles are uo 
longer sufficiently rigid to maintain their position of expansion. 
The loss of water is the resalt of the continuance of transpiration 
in the absence of a supply of water to meet it. The incision 
which has destroyed the continuity of the wood has also cut off 
the supply of water from the root. The relation between the 
development of the xylem and the activity of transpiration is well 
illustrated by the comparison of the vascular bundles of a land~- 
plant with those of an allied submerged aquatic species. The 
former transpires actively and has well-developed xylem: the 
latter does not transpire at all, and has quite rudimentary xylem. 

Conduction takes place in dicotyledonous tree-tranks only 
through so much of the peripheral portion of the wood as includes 
living parenchymatous cells. The thickness of this conducting 
region varies widely; it is relatively small where the wood is 
sharply differentiated into alburnum and duramen (sce p. 199), 
and in such trees (e.g. Oak) section of the alburnum is soon 
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probably not purely mechanical, bat it is vital, thongh the 
relation of the protoplasm to the conduction of proteids in the 
sieve-tubes is not clear. 

The companion-cells, and in their absence the cells of the bast- 
parenchyma (p. 180), which abut on the sieve-tubes, apparently 
serve in the leaves as the means by which the nitrogenons 
products of anabolism are brought to the sieve-tubes, and in other 
parts as the means by which the proteids of the sieve-tubes are 
distributed to the adjacent tissues; there is some evidence to 
show that these cells themselves actually carry on the formation 
of the proteids which form the characteristic contents of the sieve- 
tubes. 


Tn certain cases (e.g. Mimosa pudica) some of the parenchymatous cells of the 
bast are specially modified apparently for the conduction of stimuli, 


f. The Glandular Tiseue. The essential fanction of the glandular 
tissue is to seerete, and the secreta are either plastic substances 
or waste- products. 

It may be stated generally that the excretion of plastic anb- 
stances on the surface of plants has special reference to their 
relation with insects. Thns, the excretion of sngar by floral 
nectaries is to attract insects to visit the flowers, and thus to 
ensure the advantages of cross-pollination at a certain, though 
relatively inconsiderable, cost. The excretion of sugar by extra- 
floral nectaries (p. 138) is an expense incurred by the plant with 
the object of attracting to it insects of a kind which will keep 
off noxious insects or other animals; these organs are especially 
characteristic of myrmecophilous (ant-loving) plants, which by this 
means provide themselves with a police of ants to keep off either 
other injurious (e.g. leaf-ontting) species of ants, or insects of 
other kinds (e.g. boring bees, ete.), or even herbivorous mammals. 
Perhaps the most remarkable instances of this kind is the pro- 
duction of small, solid, cellular “ food-bodies" on the tips of the 
leaf-pinnules of a myrmecophilous species of Acacia (A. spharo- 
cephala). 

The secretion of waste-products bas, as its immediate object, 
the removal of these substances from the sphere of metabolism ; 
but their deposit at or near the surface serves the purpose of 
protection in various ways. For instance, the secretion of wax on 
the surface is an obvious protection against wet. Similarly there 
can be little doubt that when the system of resin-ducts, in plants 
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fanctions both in its structure and in its properties. The most 
striking structural adaptation is that the walls of the superticial 
cells of the younger parts are not cuticularised, but remain per- 
vious to water, Generally speaking, the absorbent area of the 
root is increased by branching; and, in many cases, also by the 
growing-ont of the superticial cells of this region into root-hairs 
(see p. 159), It appears that the development of root-hairs is de- 
termined by the difficulty of obtaining water, on the one hand; 





Fis. #3—A Root-hairs (h) on the primary root (1c) of  acodiing, grown in water ot 
Buckwhont (Polygonum Fageps rum); he hypocotyl; ccotyledons. # (after Sachs) Bods of 
roobbairs wbowing their intimate connexion with particles of soll which adhere to the 
mucilaginous external layer of the cell-walls. 
and by the relative activity of transpiration on the other: thus 
root-hairs are usually not developed by aquatic plants, the roots of 
which, at least, are habitually immersed in water; nor by plants 
in which the transpiring surface is relatively small in proportion 
to the root-system (ey. small-leaved Conifers; saprophytes, suck 
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root to curve towards it (positive hydrotropism): contact with hard 
substances produces curvatures by which the direction of growth 
of the root is altered. 

These various kinda of irritability are of great importance in 
ensuring the due performance of its functions by the subterranean 
root. Positive geotropism causes it to penetrate into the soil, and 
this is also promoted by negative heliotropism: positive hydro- 
tropism causes it to grow towards the moister parts of the soil, 
and thus tends to eusure an adequate supply of water. Its sen- 
sitiveness to contact enables the root to get round obstacles which 
it may meet with in the soil. Similar phenomena of irritability 
are exhibited by aerial roots, but with various modifications in 
accordance with the widely different conditions, 

b. Tue Stem. The function of the stem is essentially this: to 
bear the foliage-leaves and the reproductive organs, and to bear 
them in such a way that they shall occupy the most favourable posi- 
tion for the performance of their respective fanctions. Further, it 
is the means of communication between the roots and the leaves. 
Occasionally it is specially modified to subserve other functions. 

Tt has been already pointed ont thut the form of the stem varies 
widely in plants, and the most characteristic forms have been 
described (pp. 40,44). The general physiological meaning of this 
variety of form is that different plants attain the most favourable 
position of their foliage-leaves and reproductive organs in differ- 
ent ways which depend upon the particular combination of ex- 
ternal conditions under which they severally have existed. 

The internal structure of the stem varies to some extent with 
its general habit, and mainly in the arrangement and relative 
degree of development of the sclerenchyma; thus, the scleren- 
chyma is more largely developed in an erect than in a trailing 
perennial stem, P 

The arrangement of the vaseular tissue, however, depends 
essentially, at least in all those plants which have common 
bundles, upon the arrangement of the leaves. In stems having 
canline bundles (p. 171) there is & more or leas marked aggrega- 
tion of the bundles towards tho centre, so as to lead to the 
formation of an axial vuseular cylinder, as in roots; this is espe- 
cially marked in stems bearing small leaves, as in Lycopodium, 

‘There is one point in connexion with the relation of the vaseu- 
lar tissue to the leaves which requires more special consideration, 
Tt has been pointed out (p. 191) that vascular tissue is formed 
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The physiological adaptation of stems is such that the move 
ments which they perform in response to the action of external 
stimuli are always snch as shall place the foliage-lenves and the 
reproductive organs in the most favourable position. Some stems, 
for instance, grow away from the centre of the earth (negative 
geotropism) and towards the light (positive heliotropism); these 
stems consequently grow up into the air, and take up euch a 
position with regard to the direction of the incident rays of light 
that the leaves may be adequately exposed to them. Others, 
again, grow horizontally under the influence of gravity (diageo- 
tropism) and of light (diaheliotropism), and in this way spread 
out their leaves to the sun’s rays. 

Tn some cases stems which tend to grow erect into the air are 
unable to do so in consequence of being insufficiently rigid to 
amaintain their own weight, and that of their leaves, ete. Such 
stems are enabled to obtain the necessary support by becoming 
attached to foreign bodies, such as other plants, rocks, ete. This 
attachment is sometimes purely accidental, as in the case of the 
hook-climbers, such as the Bramble, where the stem is covered with 
prickles which become fixed as the swaying shoot is blown about 
by the wind. But in other cases the attachment is the resalt of 
the mode of growth of the stem or its branches, in virtue of which 
they twine round any suitable foreign body with which they may 
come in contact. In some cases the stem and its branches are 
sensitive to contact, e.g. Dodder; in others, this sensitiveness is 
restricted to certain specially modified branches, termed tendrils 
(see p. 43, e.g. Vitis, Passiflora), and it is possessed by them ina 
very high degree. 

c. Tue Lear. In the discussion of the morphology of the leaf it 
wns pointed ont that the forms of leaves are very various; 80 
much so that ip was necessary to classify them into a number of 
categories, Each of these will now be briefly considered with 
regard to its functions. 

(1). Poliage-leaves, It may be stated generally with reference 
to land-plants, that the two great fonctions subserved by the leaf 
are, first, the construction of organic substance from the raw 
materials of the food; and second, the exhalation of watery vapour, 
or transpiration. 

‘The internal structure of the leaf is in direct relation to these 
two functions (see p. 162). The particular significance of the 
form and arrangement of the cells of the mesophyll is made clear 
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mesophyll into the intercellular spaces, and the watery vapour 
then escapes from the leaf by the stomata. 


A brief consideration of the peculiarities of the leaves of ayuatic plants will 
farther establish these points, The characteristic feature of submerged leaves 
is that they are very mich divided, and consequently present a relatively 
large strface by whieh they can absorb carbon dioxide and oxygen, as well aa 
salts, from the water. Tho mesophyll of these leaves is not differentiated 
into palisade-tissue or spongy tissue; for, in the first place, the light to which 
these leaves are exposed is not intense, and, in the second, they do not tran- 
spire. A peculiar feature of these loaves is that the eblorophyll-corpuscles 
are contained principally in the epidermal cells. Floating leaves, on the other 
hand, usually have broad oval or rounded laminw,a form which is evidently 
favourable to the retention of their position on the surface of the water. The 
epidermis of the upper surface is well-developed and possesses stomata ; whereas 
the walls of the epidermal cells of the lower surface are thin and unouti- 
cularised, so that they can absorb water and substances in solution, and thore 
aro no stomata, The mesophyll is differentiated into palisade and spongy 
tissue. The palisade-layers are arranged in the characteristic fashion towards 
the upper surface of the leaf; and commonly there lies between the superior 
epidermis and the palisade-tissue, a layer of aqueous tissne which serves to 
protect the chlorophyll of the latter from exposure to too intense light. 
Towards the lower surface, the mesophyll is channelled by large intercellular 
spaces, the use of which is to facilitate the aeration of the plant, 


The foregoing consideration of the anatomy of these three types 
of foliage-leaves leads to the conclusion that the spongy tissue 
of the mesophyll is that in which both the assimilatory and the 
transpiratory processes can be most satisfactorily carried on; that, 
in fact, the amount of spongy mesophyll in a leaf may be taken as 
an indication of the degree of its physiological activity. Clearly 
the close arrangement of the cells in the palisade-tissue is not so 
favourable for the absorption of carbon dioxide or for the exha- 
lation of watery vapour, as is the loose arrangement of the cells in 
the spongy tissue. The palisade-tissue is transpiratory and assi- 
milatory tissue so adapted for action in intense light, that trans- 
piration is diminished, and protection is afforded not only to the 
chlorophyll in its own cells, but also tothat in the cells of the 
tissue which it covers. 

In many xerophilous plants, more or less of the mesophyll 
may be destitute of chlorophyll, the cells containing much 
watery sap (see p. 164), so that the leaf serves as a reservoir of 
water. 

Leaves are adapted not only structurally, but also by their 
irritabilities, to the performances of their functions, They are 

¥. 8. B, tt 
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podium, Impatiens, Polygonum, Linum, etc.), and in the adolt 
leaves of many Oxalidaces and Leguminose, The common 
featare of these movements is that they serve to vary thearea of _ 
saorface presented to the sky by the leaf. They are commonly 
known as “sleep-movements,” or nyctitropic movements, because | 
they are usually associated with the alternation of day and night. 

With « falling temperature and a diminishing intensity of light 

the leaves assume the “night-position,” presenting a diminished sur- 

face, generally only the edge,to the zenith, the leaflets of compound 

leaves at the same time approaching each other, with the result that 

they are protected from injury by cold in consequence of excessive 

radiation of heat; with a rising temperature and an increasing 

intensity of light, the leaves assnme the “ day-position,” presenting 

their upper surfaces to the 
zenith, Bat the day-posi- 
tion is frequently liable to 
modification, with a view to 
the redaction of transpira- 
tion and to the protection of 
thechlorophyll from the ac- 
tion of too intense light, by 
movements which diminish 
the leaf-area exposed to the — pig. g71,—Lent of Oxalia by day (T) and hy 
direct rays of the sun;— night (¥). In the Intter, ench leaflet in follled 
and so, in some cases, the ating Sole Mong tte mirth anit 9: 
edge, and not the upper 

surface, is presented to the san: these movements are designated 
“dinrnal sleep " or paraheliotropism. 

Some foliage-leaves, but only such as have a special motile 
mechanism, respond by movement to the stimulus ofa touch. This 
is the case in the “sensitive plants,” such as Mimosa pudica and 
other species, Bixphytum (Oxalis) sensitivum, Bachynomens indica, 
Neptunia oleracea ; the leaflets of the pinnate leaves of these 
plants close together when touched, or when the plant is shaken, 
and they are thus protected to some extent from injary by hail, 
rain, or even wind. Other instances of movement in response 
to touch are afforded by the “carnivorons" genera, Dionwa and 
Aldrovanda, in which, when an insect alights on the upper surface 
of the expanded leaf and tonches the sensitive hairs, the two 
Jateral halves of the blade suddenly close together, like a hinge, 
with the midrib as the axis. 
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(2). Cataphyllary or Scaly Leaves (p. 58) serve to protect 
growing-points and young leaves of buds, and in this they are 
assisted by the secreting-hairs (colleters, p. 144) which they 
frequently bear: they sometimes serve as depositories of reserve 
plastic materials (¢.g. scales of Onion-bulb). 

ba? Floral Leaves. 

Leaves. The leaves included under this 
wend are the bracts (and bracteoles) and the perianth-leaves 
(p. 59). 

When green; the bracts perform the ordinary functions of 
foliage-leaves: but when they are collected around a flower 
{epicalyx) or an inflorescence (eg. involncre of Composite, 
Enphorbia, ete.) they serve to protect the floral ongans during 
their development. When highly-coloured (4g. in Aracem, 
Euphorbiacem, Nyctaginacem), they serve to attract insects to_ 
visit the otherwise inconspicuous flowers. 

The sepals, like the bracts, are commonly green, and then they 
perform the ordinary functions of foliage-leaves, and also serve 
to protect the other floral organs: when petaloid (eg. many 
Ranunculacee and Liliales), they attract insects for the purpose of 
cross-pollination. 

The petals are brightly-coloured in most flowers, and it is their 
special function to attract insects. Not uncommonly they are 
specially modified as nectaries (e.g. Helleborus), and thus farther 
contribnte to ensure the visits of insects, 

The perianth-leaves (and sometimes also the bracts), are often 
capable of performing movements leading to the opening and 
closing of the flower or inflorescence: thus the flowers of the — 
Crocas, Tulip, and Poppy, and the inflorescence of the Daisy, open 
under the influence of rising temperature and increasing intensity 
of light, closing under the contrary conditions: the closing is a 
protection of the essential floral organs against cold and wet; it 
is essentially similar to the nyctitropic movements of foliage- 
leaves (see p. 659). 

b. Sporophyllary Leaves, As already stated (p. 77) the sporo- 
phylls are the essential organs of the flower, when thoy are 
aggregated on a special shoot, and have, in any case, the function 
of asexually producing the spores, They are more or leas generally 
modified in form and structure in connexion with this function; 
andin the many different forms of flowers these leaves present 
remarkable special adaptations which mainly refer to the process 
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specially adapted leaves. Submerged aquatic plants absorb their 
food entirely or mainly from the water in which they live. 
As already mentioned (p. 668), the food of plants is always 
absorbed in the fluid form; either as # liquid or as a gas. The 
liquid food, consisting of a watery solution of varions substances, 
is absorbed from the soil most commonly by the roots, or, in the 
absence of roots, by other members (shoots, leaves) which have 
become specially adapted for the performance of this function ; 
the gaseous food (CO,) is absorbed from the air by the green 
parts (shoot) of plants, and, in the more highly differentiated 
forms, more especially by the leaves. 
Absorption of Liquids. When an organ which is adapted for the 
absorption of liquids is performing its function, two processes are 
in operation, namely, the absorption of the water, and the absorp- 
tion of the substances which the water holds in solution: it is 
important to clearly distinguish between these two processes, for 
thoogh they are necessarily carried on simultaneously, yet the 
water and the dissolved substances are not absorbed in any con- 
stant proportion. The two processes, in fact, depend upon some- 
what different conditions. ‘The cells of the absorbent organ take 
up the water in conseqaence of the presence in solution in the 
cell-sap of osmotically active substances, such as organic acids and 
acid salts, which attract water into the cells. The substances 
in solution in the water are absorbed jn virtue, first, of their 
diffusibility, that is their power of passing through membranes, 
and secondly, of the fact that the cell-sap in the interior of the 
absorbing cells contains less of the substances in question than 
does the water outside. Hence any indiffosible substance which 
may be dissolved in the water will not be absorbed by the cells, 
neither will any substance of which there is already an equivalent 
quantity in solution in the sap of the cells, although the absorp- 
tion of water may be actively taking place. These facts find 
their general expression in the following statement which is 
known as the Law of Absorption: for the watery solution of any 
substance capable of being absorbed, there is a certain degree of 
concentration at which the proportion of the amount of the sub- 
stance absorbed to that of the water absorbed is the same as that 
| of the solution; if the solution be more concentrated, the pro- 

portion of water absorbed will be groater, and that of the sub- 
| stance less; if the solution be more dilute, the proportion of the 
| substance absorbed will be greater, and that of the water leas. 


| 
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conditions, showed that the former contained 27 per cent. of silica, and the — 
Intter scarcely 7 per cent. This is due to the fact that the Grasses deposit 
considerable quantities of silica in their cell-walls, whereas Peas are unable to 
do this to anything like the same extent. 


It not infrequently happens that chemical elements are found to 
be present in the ash, which are known to be present in the 
soil in the form of compounds which are insoluble in water. 
These componnds are brought into solution by various means. 
For instance, the soil usually contains carbon dioxide, which ia 
evolved from the decomposing animal or vegetable matter which 
is commonly present, and from the absorbent organs themselves ; 
and ib is well known that various substances, such aa calcium car- 
bonate and certain silicates, which are insoluble in pure water, 
are soluble in water charged with carbon dioxide. Again, the sap 
which fills the vacuoles and saturates the walls of root-hairs, has 
an acid reaction, due to the presence of organic acid, and this acid 
sap will dissolve many substances which are insoluble in pnre 
water, The solvent effect of this acid sap is well demonstrated by 
means of the familiar experiment with a slabof marble. If a 
highly-polished slab of marble be fixed in the bottom of a flower- 
pot, and a plant be grown in the soil above it, the roots will come 
into contact with the slab and will apply themselves to its surface. 
On subseqnently examining the slab of marble, it will be fonnd to 
have become corroded where the roots had been in contact with 
it. The corrosion is due to the solution, by the acid sap of the 
roots, of particles of the marble. 

The activity of the absorption of water is dependent upon the 
temperatare. For example, the absorption of water by roots be- 
gins ab a minimum temperature; it increases in activity as the 
temperature rises to optimum; any further rise of temperature is 
attended by a diminished activity of al jon. 

Absorption of Gases. The absorption of gases depends, like the 
absorption of water and substances in solation, upon diffusion. 
Supposing an absorbent cell, the sap of which holds, to begin with, 
no gases in solution, to be bronght into relation with a mixture of 

these gases will be dissolved at the surface in proportion to 
their solubility and to the amount of each gas present in the mix- 
tore, that is, the amonnt absorbed of each gas dependa, in the first 
instance, upon its solubility and its partial pressure. The relative 
amount of each gas absorbed over a period of time will further 
depend upon the extent to which it undergoes chemical alteration 
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would be evaporated in a given time by equal areas of water- 
surface, and of living plant-surface, But this is not the case. 
All observations show that the amount of water transpired from a 
given area of living plant-surface in a given time, is only a small 
fraction of that evaporated in the same time from an equal surface 
of water. On the other hand, the evaporation from dead plant- 
surface is as active, or even more so, than from a free surface of 
water. Transpiration, whilst ultimately depending upon the 
purely physical process of evaporation, is essentially evaporation 
modified by the living substance, protoplasm, from and through 
which it takes place, and is therefore a vital function, 

The activity of transpiration is intimately connected with the 
external conditions. It is dependent upon the hygrometric state 
of the atmosphere, upon the temperature of the air, and especially 
upon exposure to light. Naturally, the drier the atmosphere the 
more active the transpiration; and, similarly, rise of temperatare 
promotes transpiration. The effect of exposure to light is very 
striking. On removing a plant from darkness to even feeble 
light, its transpiration is markedly increased; but when it is re- 
moved into bright eunlight it is increased severalfold. This effect 
of light is especially marked in the case of plants, or parts of 
plants, which contain chlorophyll It is clear that light so acts 
upon the protoplasm of the transpiring tissue as to facilitate the 
evaporation of the water contained in the cells. 

The activity of the transpiration from the surface of a plant 
is inversely proportional to the development of the tegomentary 
tissne. ‘Thus, transpiration is rapid in the case of stems and 
deaves in which cuticularisation or suberisation of the superficial 
cell-walls has taken place to but a small extent or not at all, 
whereas the transpiration of organs which, like the tranks of 
many trees, are covered externully by layers of cork, or which, 
like the stems and leaves of succulent plants, such as Cacti, Aloes, 
Crassulacee, etc., have a thick cuticle, is comparatively slight. 

However, inasmuch as most aerial leaves and stems have a 
more or less well-developed and cuticularised tegumentary tissue, 
the transpiration from the external surface is insignificant. In 
such cases the transpiration takes place mainly through the thin 
ancaticularised walls of the cells of the ground-tissue into the 
intercellular spaces, and the watery vapour escapes from the 
intercellular spaces into the external air by means of the stomata 
and the lenticels. The stomata, especially, are organs for the 
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distance into the woody tissne of the ent stem or branch. This is 
dae to the fact that, in consequence of the withdrawal of water 
from them, the yases in the vessels are ata lower pressure than 
that of the atmosphere. This is termed the negative pressure in 
the vascular tissue. 

These various points can be readily observed in low-growing 
plants, auch as the cabbage. On a hot summer day the leaves 
become flaccid, and the existence of a negative pressure in the 
vessels of the stem can be ascertained. In the evening, when the 
activity of transpiration is diminished, but active absorption of 
water from the warm soil by the roots continues, the leaves 
become turgid, and water gradually accumulates in the vascular 
tissue. During the night this accumulation of water in the 
vascalar tissue goes on until it becomes quite full, so that there 
comes to be not only no negative pressure, but a positive 
pressure. This positive pressure, were there no means of re- 
lieving it, might become injnrious to the tissues; but it is re- 
lieved by the filtering of drops out of the closed terminations of 
the vascular bundles in the leaves, these drops making their way 
to the surface through openings over the ends of the bundles, 
which are either the ordinary stomata, or the specially-modified 
water-stomata. A row of snch drops on the margin of the leaves 
may be observed in many plants in the early morning. It 
appears, then, that during the day the loss of water by transpira- 
tion is greater than the supply by absorption, whereas during the 
night the contrary is the case. 

With regard to the physiological significance of transpiration, 
it is important in that it causes a rapid current of liquid, the 
transpiration-current, to flow through the plant from the roots to 
the transpiring organs, more especially the leaves. This ensures 
the distribution, not only of the absorbed water, but also of the 
substances absorbed in solution from the soil. It will be noticed 
that the conditions which promote transpiration, namely, light 
and warmth, are jast those which are most fuvourable to the per- 
formance of their anabolic processes by the organs which contain 
chlorophyll. Thus, when the leaves are actively producing organic 
substance, they are actively transpiring, and they are therefore 
constantly receiving supplies of the substances absorbed from the 
soil, substances some at least of which are essential to the 
chemical processes in operation. Transpiration has, then, an 
important bearing upon nutrition, There seems to be, in fact, an 
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The Root-Presswre. The existence of the root-pressnre can be. 
easily ascertained. It is manifested spontaneonsly by that exnda- 
tion of drops on the margin of the leaves of low-growing plants 
during the night, to which allusion has already been made (p. 699). 
An artificial manifestation of it is induced in stems which are cut 
across at a time when, owing to active absorption and feeble 
transpiration, the plants are rich in water; drops exade from the 
xylem-vessels at the ent snrface of that part of a stem which is 
still in connexion with the root. A familiar case of this is the 
“bleeding” of certain shrobs and trees when pruned in the 
spring. It is possible, in this way, to estimate both the activity 
and the force of the root-pressure. By collecting the water which 
exudes from the cut surface of the stem, the amount of water 
absorbed by the root in a given time is determined; and by 
attaching a mercurial manometer to the cnt surface of the stem 
the force of the root-pressure ean be measured. For instance, 
3,025 enbie millimetres of liquid were collected from a Stinging 
Nettle in 99 hours; and the reot-pressure reqnired a column of 
mercury 354 millimetres in height to counterbalance it; in other 
words, the root-pressure of the Nettle was nearly half an 
atmosphere, and was capable of supporting a column of water 
about 15 feet high. ; 

The essential point in the mechanism of the root-pressure is 
the forcing of liquid by filtration under pressure from the paren- 
chymatons cells into the xylem. The process is probably to 
be explained somewhnt in this way. When a certain degree of 
turgidity is attained in the parenchymatous cells abutting on the 
xylem, their motile protoplasm undergoes a molecular change, in 
consequence of which it becomes permenble and ceases to offer 
resistance to the escape of the cell-sap; consequently, under the 
elastic contraction of the distended cell-walls, a portion of the cell- 
sap is forced ont of the cell, This molecular change in the state of 
aggregation of the protoplasm of the parenchymatous cells probably 
takes place at more or less regular intervals, so that there is a 
sort of rhythmic pumping of liquid into the xylem of the root, 
From this point of view, the root-pressare of a plant is simply the 
expression of the force of the elastic contraction of the cell-wulls 
of the parenchymatous cells abutting on the xylem-bundles in the 
root, 

With regard to the external conditions which affect the root- 
pressure, the most important is the temperature of the soil;.a 
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water being absorbed and then returned under pressure into the 
veasels by the adjacent parenchymatous cells. This view, based 
principally on anatomical facts, is supported by but little direct 
evidence, although it has been ascertained in certain cases that 
the parenchymatons cells,of the stem are capable of forcing 
liquid into the xylem: for instance, when a piece of a grass- 
haulm is placed with its lower end in wet sand, drops of water 
may be observed to exude from the upper cut surface after a 
time, But in view of the fact that the transpiration-current can 
be maintained through a considerable length of stem killed by heat, 
as also of the fact that fatally poisonous solutions may be thus 
conveyed upwards through the wood for a length of time which 
ensures the death of all the adjacent parenchymatous cells, it is 
difficult to see how this theory can be maintained. 

It has also been suggested that the current is due to purely 
physical causes, such as capillarity and the difference between 
the pressure of the external atmosphere and the lower pressure of 
the gases in the xylem of the plant, or the differences of pressure 
of the gases in the lower and upper parts of the plant. With 
regard to capillarity, it need only be pointed out that in 
many cases (¢.g. Coniferm) the conducting-tissue of the xylem 
does not consist of continuons capillary tubes, but of closed 
tracheids; here it is impossible for a column of water to be 
raised by capillarity, and yet the current is maintained; and 
even in plants with continuous xylem-vessels, the force of capil- 
larity would be altogether inadequate for the maintenance of the 
current, With regard to the “gas-pressure-theory,” it will suf- 
fice to point out that, even if it were well-founded, it could only 
account for the raising of water in the plant to a height of thirty- 
two feet at the utmost; but it is not well-founded, for inasmuch 
as the xylem-system is air-tight, being slut off from all commu- 
nication with the external air (see p. 678), the movement of fluids 
within it is in no degree affected by the atmospheric pressure, 
and the internal differences of gas-pressure are altogether in- 
adequate. However, though neither capillarity nor differences of 
pressure can be regarded as the active cause of the current, the 
maintenance of the current is affected both by the capillarity of 
the vascular tissue throngh which it travels, and by the varying 
pressure of the gases which that tissue may contain. 

‘Two facts have been made clear by the foregoing considerations: 
firat, that the water contained in the wood is readily mobile, 

¥, 9. B, ue 


ii 


CHAPTER 1.—SPECIAT. PHYSIOLOGY OF THE NoTatTIvE FUNCTIONS. 705 


in the first instance, from that which fills the non-condacting — 
tissue of the wood (and the old wood or duramen, if present), and 
nitimately by the root. It may be thonght that the suction due 
to transpiration would be incapable of maintaining the current; 
‘but this difficulty is met by the consideration that the water is 
held in position by the eapillavity and tho cellular structure of 
the tracheidal tissue, and that the system of columns of water 
and gas-bubbles does not move as a whole, since the latter cannot 
pass the pit-mombranes of tracheids. Moreover the force of 
transpiratory suction is considerable, though it has not been 
accarately measared. 

The Distribution of Organic Plastic Substances. Those substances 
may be generally stated to consist of organic substances of two 
kinds, nitrogenons and non-nitrogenous, and these are distributed 
through different channels. 

1. The nitrogenous substances travel, in plants or in parts of 
plants which are not supplied with vascular tissue, in the form 
of amides (see p. 707) by osmosis from cell to cell. Bat in 
vascular plants it is known that they also travel in the sieve- 
tissne from one member of the plant to another, in the form of 
indiffusible proteids. There is no evidence that the very slow 
movement of the contents of the sieve-tubes is effected by any 
special mechanism ; it appears to be simply induced by the de- 
mand for these substances at any points, and it is doubtless 
promoted by the swaying of the stem and branches. 

2. The non-nitrogenons substances travel through the plant in 
the form of glucose and maltose (see p. 708), in solution; they 
travel by diffusion from cell to cell, and more especially in the 
‘elongated parenchymatous cells, forming the conducting-sheath, 
which, in the loaf, consists of mesophyll-cells closely investing the 
vascular bundles, and, in the stem, belongs to the inner cortex, 
This layer is not the endodermis, but lies externally to it; the 
endodermis freqnently contains starch-grains, and is sometimes 
termed the sturch-sheath, but it is rather a depository than a con- 
ducting-tissue, 

The direction in which organic substances travel in the plant 
xeems to be determined simply by the demand for them. Jnst as 
the water and the substances in solution absorbed by the roots 
travel to the transpiring and assimilating organs, so the organic 
substances produced in the assimilating organs travel in the 
plant to those parts in which organic substance is either being 
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used in growth, or is being stored up as reserve material. Ina 
Potato-plant, for example, part of the organic substance formed 
in the leaves travels to the growing-points of the roots and of the 
shoots, where it is required for the development of new leaves, 
flowers, branches, etc., whilst the residue travels to the under 
ground shoots which are developing into tubers and are storing up 
quantities of starch. Similarly, these organic substances travel 
apparently by the same channels and in the form of the same 
chemical compounds, from organs which serve as depositories of 
reserve material, when these stores are drawn upon to supply the 
growth of developing parts. For instance, when a Potato-tuber 
begins to sprout, the starch, which is the principal reserve 
material, is drawn upon, being gradually converted into sugar, 
in which form it travels to the growing-points of the young 
shoots and supplies a large proportion of the plastic material 
necessary for their growth. 

§ 9. Metabolism. This subject will be subdivided into: 1, 
Chemical Composition ; 2, Food of Plants; 3, Anabolism; 4, Cata 
bolism ; 5, Products of Metabolism; 6, Supply and Expenditare of 
Energy. 

1. Chemical Composition. Asa preliminary, ® general account 
of the chemical composition of plants will be given. 

All parts of living plants contain a considerable quantity of 
water: this forms not merely the principal constituent of the cell- 
sap, but also saturates the cell-walls, the protoplasm, in short, all 
organised structures; it is, in fact, one of the peculiarities of or- 
ganised structures that minute particles of water are interposed 
between the particles of solid matter of which they consist. By 
heating to 100° or 110° C., all the water contained in any part of 
a plant is expelled, and in consequence it will naturally lose 
weight. The amount of this loss, that is, the quantity of contained 
water, is very different in various plants; ripe seeds dried in the 
air contain from 12 to 15 per cent. of water, herbaceous plants W 
to 80 per cent., and many waterplants and Fangi as much ss 
95 per cent. of their whole weight. 

The residue, which gives off no more water at a heat of 100° C., 
the dry solid, consists of a great variety of chemical compounds; 
these are partly organic, that is to say, combinations of carbon 
with other elements, and partly tno,ganic. These organic sub- 
stances which occur in the living plant (with the exception of 
salts of oxalic acid) all contain hydrogen. Some of them, such as 
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many oils, consist of these two elements only (earbon and hydro- 
gen), but by far the greater number, including cellulose, starch, 
and sugar, as well as the vegetable acids and certain oila, contain 
oxygen also, The proteid substances consist of carbon, hydrogen, 
oxygen, nitrogen, sulphur, and sometimes phosphorus; in other 
bodies which contain nitrogen, as asparagin and many allcaloids, 
there is no sulphur or phosphorus; from certain other alkaloids, 
for instance nicotin, oxygen is also absent. 

The commoner organic substances of which the plant-body 
consists may, in the first instance, be divided into those which 
do and those which do not contain nitrogen in their molecule. 


‘The most important nitrogenous substances may be classified as follows :— 

1, Protetds : these are substances with a large molecule of complex constitu. 
tion, to which no chemical formula has yet been assigned ; they may be soluble 
or insoluble in water, and when soluble are mostly indiffusible ; they are gener- 
ally of a viscid nature (like white of egg) and are rarely crystallisable. Of those 
‘there are several varieties ;— 

a. Insoluble Proteids: do not dissolve even in dilute acids or alkalies: ¢g. 

coagulated proteid. 

b. Alluméinates: insoluble in water or solutions of neutral salts, but soluble 
in dilute acids or alkalies, sometimes soluble in dilute aloohol: ¢.g. 
platen of wheat. 

_ @ Globulins : insoluble in water, bat soluble in golutions of neutral salts 
(such as NaCl) and congulated on boiling, sometimes crystallisable : 
theese enter largely into the composition of alouron (see p, 112); the 
erystalloids in the potato and in some aleuron-grains (¢.g. Ricinus, 
Bertholletia) consist of a kind of globulin (vitellin), 

ad. Allumins = soluble in water, coagulated on boiling: rare, 

¢, dltumoses: soluble in «ater, not coagulated on boiling, but precipitated by 
a small quantity of nitric or acetic acid, aud soluble in excess: a common 
constituent of aleuron. 

J. Peptones: soluble in water, not precipitated by boiling or by acids ; prosent 
in germinating seeds. 

9. Amides (or Amido-acids): these substances are soluble in water, not 
congulated on boiling, diffusible, and erystallisable, Those commonly occurring 
in plants are Asparagin (O,H,N,04}, Leuein (0,,4y.N,0,), Tyrosin (CyH,,NO,). 

8. Alkaloids: these substances are, chemically, organic bases, occurring in 
planta in combination with organic acids; they are insoluble or but slightly 
goluble in water, soluble in alcohol; most of them are solid at ordinary tem- 
peratures, and are crystalline, whilst others are liquid (Coniin, Nieotin); they 
are generally poisonous. 

The more familiar alkaloids are Coniin (C,H,,N) from Conium; Nicotin 
(©joH,,N,) from Tobacco; Morphin (C,,H,,NO,), and other opium-alkaloids 
from the Poppy; Strychnin (C,,H..N,0,) from Strychnos Nux vomica; Quinin 
(Cyoflg,N,0,) from the Cinchona; Thein (CyH,oN,0,) from Tea; Theobromin 
(Oy Hy N, Oy) from Theobroma Cacao, 
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plants (flowers, fruit, ote.), and it is to them that the odours of plants aro 
chiefly due. They neually consist of a mixture of oxygenated compounds with — 


hydrocarbons of either the formala CyoHyo (terpenes) or C,,Hy,: many of the 


oxygenated compounds are solids held in solution in the liquid hydrocarbon ; 
thus, turpentine (from Conifers) is a solution of resin (or abjetic anhydride, 
©,H@O,) in the terpene called terebene; eamphor-vil consists of camphor 
(OyH\40), solid substunce, disvolved in m terpene; oil of cloves cousists 
chietly of eugenol (CjoH\O,) with a hydrocarbon 0,,H,,. Some essential oils 
consist simply of « single substance the composition of which is various; thus, 
oil of bitter almonds is an oxygenated substance, CyH,O (benxoie aldehyde); 
oil of mustard is a sulphur-containing nitrogenous substance, OsH,,NCS (allylia 
isothioeyanate). 

Allied to these hydrocarbons are the solid substances caoutchowe and gutta- 
percha which vecur in milky latex: they have the composition n(O,1,). 

The organie compounds can for the most part be resolved into 
volatile products—chiefly carbonic acid, water, and nitrogen—by 
exposare to great heat with free access of air, that is, by combus- 
tion. The inorganic residue is a white, or, if the combustion is 
imperfect, a grey powder, the ash, 

As the result of chemical processes attending the combustion, 
the sulphur and phosphorus previously contained in the organic 
compounds appear as sulphates and phosphates in the ash, and the 
carbonic acid formed during combustion combines with some of 
the inorganic substances. ‘These, therefore, must not be included 
in an accurate estimate of the constitaents of the ash, 

The ash usually constitutes but a small percentage of the whol 
dry solid of the plant. The amonnt of ash increases with the age 
of the plant, or of any part of it, inasmuch ax there is no appreci- 
able excretion by the plant of the mineral substances absorbed. 
The percentage of ash in the dry solid of the plant, or of any 
organ, may vary widely at different times. The following analyses 
of yarions portions of plants will give an idea of its amount and 
composition :-— 

1000 PARTS OF DRY SOLID MATTER CONTAIN: 


Clover, in bloom) 68°3 | 21-96 | 1-39 
Wheat, grain .| 107 O14 | Oat 
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carnivorous. The case of Drosera may be selected for illustration, The upper 
» surface and the margin of a leaf of this plant bears numerous glandular sppen~ 
ages, the tentucles (see Fig. 42, p. 65). ‘The glands at the ende of the tentacles 
eontinoally excrete a viscid liquid. When an insect comes into contact with 
one of the marginal glands, it sticks to it; this stimulates the tentacle, and it 
moves, curving inwards to the centre of the leaf, and gradanlly the other 
marginal tentacles incnrve over the insect (Fig. 42 B). The glands then secrete 
an acid liquid containing a digestive ferment which acts upon and dissolves the 
soft parts of the insect, and the products of this digestion are absorbed. 


Plants which do not possess chlorophyll are incapable of using 
carbon dioxide as carbonaceous food, but require more complex 
carbon-compounds. Such plants are, all Fangi, and among the 
higher plants, Cuscnta (Dodder), Orobanche (Broomrape), Neottia, 
ete., though in some of these latter, a small, bunt altogether insig- 
nificant quantity of chlorophyll has been detected, These plants 
absorb the complex carbon-compounds which they require, either 
from living animals and plants, or from the decaying remains of 
animals and plants: in the former case they are termed parasites, 
in the latter saprophytes. 


‘The most common parasites are those which are nourished by other plante, 
termed hosts, and each parasite has its own peculiar host, and possess peculiar 
root-like organs, the hanetoria (see p. 66), by which they are attached to the 
hoat and absorb their nutriment. They frequently have a prejudicial effect 
‘apon the host, and sometimes cause malformations, such, for instance, aa the 
“ witches" brooms " in the Silver Fir, which are produced by # parasitic rust- 
fongus, the Acidium elatinum, Less common are parasites on animals, sch 
as the Schizomycetes (Bacteria, etc.), which cause various diseases, and other 
Fungi, like Entomophthora, which is parasitic on files, and Cordyceps, which 
is parasitic om caterpillars. 

Some of these parasites, Cordyceps for instance, can live saprophytieally to 
some extent ; these are potential saprophytes. On the other hand, there are 
potential parasites, that is, plants which can live almost as well parnsitically as 
smprophytically, such as Agaricus melleus, which grows equally on living trees 
and on dead logs. 

It is remarkable that certain plants which possess chlorophyll are nevertheless 
parasitic in habit; for instance, Viscum (tho Mistletoe) which is parasitic on 
various trees, Rbinanthus (the Rattle) and other Scrophulariacem, also Thesium 
(Bastard Tond-flax), which are attached to the roots of other plants by their 
haustoria, The nutritive processes of these green parasites are not yet fully 
understood, but it seems probable that they absorb from their hosts the sub- 
stances whieh they should normally obtain from the soil, though in a somewhat 
modified form. 

‘The great majority of the aaprophytes are Fungi, such as the various Agarios 
which grow in the soil of woods (humus) which is formed by decayed leaves and 
is rich in organic matter; tho Moulds and Yeasts which grow in saccharine 
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follows. In the first place, the roots of these papilionacéous plants have been’ 
found to bear peculiar gall-like outgrowths termed tubercles, which seem to 
be more numerous and larger the smaller the proportion of combined nitrogen 
contained in the soil, The tubercles are the result of the attack of a fangus 
which penetrates into the root through the root-lairs. The green plant and 
the fungas appenr to exist in a state of symbiosis (p. 273), as in the ense of the 
mycorbiza already meptioned, with the result that the green plant isadequately , 
supplied with combined nitrogen although growing in a soil from which such 
compounds are originally absent, In explanation of these facts there can, first, 
be nv doubt that the supply of combined nitrogen obtained by the green plant 
is ultimately derived from the free nitrogou of the atmoephere; and, secondly, 
that the supply is not vbtaiued from the atmosphere directly by the leaves, but 
indirectly by the roots through the soil. Nor can there be much donbt that the 
tubercles are associated with the process of the assimilation of the free nitro. 
gon: but it is a question whether this process takes place in the tubercle itself; 
or whether it is not carried on in the soil by a Schizomycete, which may eithor 
be derived from the tubercles, or be an independent organism. Ib seems prob- 
able that the latter suggestion is nearer the truth. It is, in fact, known that 
‘& bacterioid organiem exists in the soil having the property of forming nitro- 
genous compounds from free nitrogen in the presence of non-nitrogenons organié | 
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substance (¢.g. glucose). It may be that the development of this organism is 
expecially favoured by the presence of the tubercular roots of the Papilionew * 
iv the soil, and that the nitrogenous substances which it produces are absorbed 
by the roots after having undergone nitrification (see p. 712). 

The tubercles are structures formed by the hypertrophy of the cortex of the { 
root, resulting from the attack of the fangus at various points: their celle are 
rich in sugar and starch: the bronches of the mycelium penetrate most of the 
coils, and there bud off innumerable gemmules (sometimes called bucterioids). 
Tho tubercle eventually becomes disorganised; the geinmules are then set 
free into tho soil, and are doubtless the weans by which other roots become 
attacked by the fungus. 


Sulphur, which is a constituent of proteids and a few other 
substances occurring in plants, such as oil of Mustard, is derived 
from the sulphates of the soil. | 

Phosphorus is absorbed from the soil in the form of phosphates, 
and enters into the composition of some of the proteid substances ; | 
phosphates constitute a lurge proportion of the ash of seeds. | 

As regards CMorine, it has been experimentally proved so far to | 
be indispensable in the case of one plant only, the Buckwheat 
(Polygonum Fagopyrum). 

Fron, thongh it is met with in very small quantities, is absolutely 
necessary for the formation of chlorophyll. The leaves produced 
by plants which are not supplied with iron during their growth, 
fare white so soon as their own store of iron is exhansted; these 
leaves, which are said to be chlorotic, become green in consequence 
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PG. 474.—Water-caltares of Buckwheat (afuur Nobbe), 


No, 1, Plant grows in normal solution, 


oe ow wow (Without potamatinen. 

wo om) ow) With sodium-saite instead of potassium, 
o& wow » « without enletam, 

w 6 ” “ ” without nitrates or salts of ammonia. 


This method of experimental culture, which is known as water- 
culture, has been of the greatest service in determining which are 
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There are three points connected with the performance of this 
process which reqnire special notice: the part played by the 
mineral food, the action of light, the fauction of chlorophyll, 

With regard to the first point, it appears that the process in 
question cannot be performed nnless potassinm-salts are supplied 
to the plant. There is no reason to believe that this metal takes 
any direct part in the process; but it has an indirect, though none 
the less well-marked effect upon it (see p, 714). 

The importance of exposure to light is briefly this, The 
chemical process represented in the foregoing equation is one which 
involves the doing of work; for, from the simple and stable mole- 
cules, CO, and H,0, 2 more complex and less stable molecule CHO 
is prodaced. Work cannot be done without energy, and the plant 
cannot evolve in itself the energy necessary. It avails itself, there- 
fore, of the kinetic or radiant energy of the snn’s rays. Hence 
the importance of exposure to light is that the plant, by absorbing 
the light-rays, obtains the energy required for the chemical work 
which has to be done. 

Next, as to the fanction of chlorophyll. The function of chloro- 
phyll is to serve as the means by which the rays of light are 
absorbed, and their energy made available for the performance of 
the chemical work by the protoplasm with which the chlorophyll 
is associated. When light which has passed throagh a solution of 
chlorophyll is examined with a spectroscope, the spectram is seen 
to present certain dark bands, known as absorption-banda, in the 
red, yellow, green, blue, and violet, the band in the red being the 
most couspicnous. These bands indicate that certain of the rays 
of the solar spectrum do not pass throngh the chlorophyll, bat are 
arrested and conyerted into another form of energy. It is this 
energy whivh, in the living plant, the chlorophyll places at the 
disposal of the protoplasm for the construction of an organic 
molecule out of carbon dioxide and water, as expressed in the fore- 
going eqoation. Protoplasm without chlorophyll is incapable of | 
making use of the kinctic onergy of the rays of light for the per- 
formance of this chemical work. | 

The product of this process of carbon-assimilation is (as indi- 
cated in the foregoing equation) a non-nitrogenous organic sub- 
stance having the composition of a carbohydrate, A leaf which 
is actively assimilating carbon under the influence of light is 
generally found to contain relatively large quantities of carbo- 

hydrate, in the form either of sugar or starch, 
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out represent the energy which was used by the plant in con- 
structing the organic substance of which the wood and the coal. 
consist, and which exists in them as the potential energy of 
chemical combination. To put the matter more definitely; if the 
organie substance which has been formed by a green plant under 
the influence of light according to the equation 


C0, + H,0=CH,0 +0, 
be burned, the chemical process is precisely reversed, according 
to the equation 

CH,0 +0,=CO,+H,0, 


and precisely the same amount of energy is evolved in the kinetic 
state in the second process, as was stored up in the potential state 
in the first. 

It is, generally speaking, only plants possessing chlorophyll 
which can produce organic substance. Inasmuch, therefore, as 
organisms, whether plants or animals, which do not possess chloro- 
phyll reqnire for their nutrition more or less complex organic 
substances, they are entirely dependent for their food upon organ- 
isms which do possess chlorophyll. 

‘To this general rule exceptions are offered by certain Schizomycetesx. Thus 
some Bacteria (¢.g. B. photometricum) contain a purple colouring-matter 
(acterio-purpurin), but no chlorophyll: they are, however, capable of forming 
organic matter with evolution of oxygen when exposed to light; the bacterio- 
purpurin appears to perform essentially the same physical function as 
ehlorophyll, though it does not absorb the same rays of light. Again, other 
Bacteria, such as the Sulphur-bacteria (Sulphobacteria), the lron-bacteria (Ferro- 
bacteria), and the nitrifying Bacteria (Nitrobacteria) produce organic substance, 
awithough they possess no chlorophyll, and do so quite independently of light, 
the neecasary energy being obtained in other ways (see p. 731). 

This process is also of great importance in another direction. 
All living organisms, speaking generally, absorb free oxygen and 
evolve carbon dioxide in respiration. Those organisms which 
possess chlorophyll prevent the excessive accumulation of carbon 
dioxide in the atmosphere, and keep up the supply of free oxygen, 
in that, under the influence of light, they absorb the former gas 
from the air, and replace it by an equal volume of the latter. 

The characteristic difference between the anabolic capacity of 
plants which do and of those which do not possess chlorophyll is 
then this, that the former can produce, from carbon dioxide and 
water, assimilable or plastic substances containing the elements 
C, H, and O, whereas the latter cannot produce these, bat must 

¥. 8. B. Sa 
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are collected into this tissue, and there undergo farther anabolism 


into the proteids to be found in the sieve-tubes. 


Toasmuch as plants destitute of chlorophyll absorb their nitrogenous food in 
the form of ammouia compounds (see p. 712) or of organic nitrogen-compounds, 
it is intelligible that exposure to light is not an essential condition of their 
nitrogenous assimilation, 

These various assimilatory processes are not, however, carried 
‘on simultaneously with equal activity. In plants which contain 
chlorophyll, when under conditions favourable for carbon-assimi- 
lation, the construction of non-nilrogenous organic substance from 
CO, and H,O appears to be the most active process, for an accumu- 
lation of non-nitrogenons organic substance can be detected in 
the green parts of these plants when assimilation is being carried 
on. Most commonly this excess of non-nitrogenous organic sub- 
stance is accumulated in the form of starob-granales which are 
formed in the chloroplastids; less commonly in the form of sagar 
which is held in solution in the cell-sap (e.g. leaves of Onion). 
This excess of non-nitrogenons organic substance in the green 
parts soon disappears, however, when, by withdrawal from the 
influence of light, its further formation is arrested. For instance, 
if a plant which has been exposed to light and whose leaves are 
rich in starch, be placed in the dark for some hours, the starch 
will then be found to have almost or entirely disappeared. 

The organic substance resulting from the anabolism of the 
plant, is partly used in the growth of the plant, in forming new 
protoplasm, cell-walls, etc., and is partly stored up, in various 
organs, in the form of reserve materials which serve either for the 
growth of the plant itself at a subsequent period (roots, tubers, 
ete.), or for the nutrition of new individuals in the early stages of 
their growth (spores, seeds, ete.), 

4, Catabolism, Under this term are included all the chemical 
processes going on in the plant which lead to the formation of 
simple substances from more complex ones. 

The chief physiological importance of the catabolic processes is 
this: that, inasmuch us they consist in the decomposition of 
relatively complex and unstable substances into others which are 
relatively simple and stable, they necessarily involve a conversion 
of potential into kinetic energy ; and it is by means of the kinetic 
energy so evolved that the plant exhibits those phenomena, such as 
growth, movement, etc., which characterise it as a living organism, 
The degree of activity of life depends directly upon the degree of 
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the normal oxidative catabolic processes; bat they carry on other 
processes of decomposition into which free oxygen does not enter, 
provided that suitable material is accessible; the processes are 
termed fermentations. Thus, Bacteria cause putrefaction and 
other similar fermentations in the most various organic substances 
with which they happen to come into contact. Similarly Yeast is 
the cause of the alcoholic fermentation of sugar, which may be re- 
presented by the equation 
CgHy20 =2CyH,0 + 2004. 

These fermentative catabolic processes involve, like the oxida- 
tive catabolic processes, an evolution of kinetic enengy, but this 
is, generally speaking, attained by a greater initial expenditure. 
Yeast, for instance, certainly thrives better when it can obtain 
free oxygen than when it cannot; but many of the Bacteria have 
become so completely adapted to a life based upon fermentative 
catabolism, that they die if they come into relation with free 
oxygen (anaerobia). 

Yeast, Bacteria, and other plants which can excite fermentation 
are termed organised ferments, inasmuch as they are complete 
living organisms and as their power of exciting fermentation 
depends upon their being alive, in contradistinction to the un- 
organised ferments or enzymes already mentioned, which are not 
organisms, but simply chemical substances which may be pre- 
pared and kept under conditions which would be fatal to life. 
The peculiar properties of the unorganised ferments can, however, 
be very readily destroyed, as, for instance, by boiling or otherwise 
heating. 

The chief kinds of enzymes which have been found in plants 
are — 

1. Those that act on carbohydrates, converting the more 
complex and less soluble carbohydrates into others of simpler 
composition and greater solability. 

2, Those that act on fats, decomposing them into glycerin and 
fatty acid. 

4 Those that act on glucosides, glucose being a constant product. 

4 Those that act on the more complex and less solable proteids, 
converting them into others which are more soluble and probably 
lexs complex, or decomposing them into non-proteid nitrogenous 
substances (amides, etc.). 

The chemical action of some of these enzymes is illustrated by the following 
equations ;— 
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ora starchy tuber like the potato, germinates, the starch-graing 
are gradually dissolved, the starch being converted into maltose. 
When the tuber of the Dahlia or Artichoke, which contains inulin 
as the non-nitrogenous reserve material, yerminates, the inulin 
disappears and is gradually replaced by grape-sugar, When an 
oily seed germinates, the oil-drops become less and less apparent, 
as the oil is gradually decomposed by ferment-action into glycerin 
and fatty acids; the next step is the formation of carbohydrate 
(sugur or starch), probably from the products of the decomposition 
of the oil, a process which involves the absorption and fixation of 
oxygen, since carbohydrates contain a higher percentage of oxygen 
than does any form of fat or oil; and then, finally, any starch 
so formed is converted into sugar. Similarly, the aleuron-grains 
ina germinating seed gradually disappear, the indiffusible proteids 
composing them being decomposed by the action of a proteolytic 
enzyme into peptone, and then into amides, in which form they 
are conveyed osmotically to the growing embryo. Finally, it is 
obyious that the indiffusible proteids which are conveyed from 
part to part in the sieve-tissue of vascular plants (see p. 705) 
must eventually be distributed osmotically in the form of dif- 
fusible compounds, probably amides, to the adjacent parenchy- 
matons tissues, and it is probable, though not yet ascertained, that 
here again a proteolytic enzyme is involved. 

Tt is worthy of note that the chemical decompositions effected 
by the agency of the enzymes do not involve either an absorption 
of oxygen or an evolution of carbon dioxide, wherens this is the 
ease in the decompositions effected by the agency of living proto- 
plasm. Bnt to the latter general role there are some exceptions. 
Thus, it has been observed that succulent plania, auch as Cactacem, 
Crassulacew, ete., absorb free oxygen without exhaling any carbon 
dioxide ; but it has forther been found that, under these ciream- 
stances, there is an accumulation of organic acids (especially 
malic) in the tissues. The explanation is this: that, owing to 
some peculinrity in their catabolic process—possibly to the im- 
perfect aeration of their tissnes—instead of producing the very 
simple sabstauce carbonic acid, which would be exhaled in the 
form of the gas CO,, these plants produce more complex, less 
highly-oxidised carbon-acids, which are not volatile at ordinary 
temperatures, and which therefore remain in the cells of the 
plant: these acids (at least malic acid) subsequently undergo 
decomposition under the influence of light with the formstion st 
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5. The Products of Metabolism. The relation between the 
anabolism and the catabolism of the plant may be generally stated 
thus, that the construction of organic substance in the former ia 
greater than the decomposition of it in the latter, so that on the 
whole there is an accumulation of organic substance in the body of 
the plant. The organic substance is accumulated to some extent 
in the actual structure or fabric of the plant, as protoplasm and 
cell-wall, and to some extent in the form of compounds which 
may be present in some or all of the cells, but which do not 
constitute any portion of the fabric, These compounds may or 
may not be of nutritive value; in the former case they are termed 
plastic products, in the latter waste-products, of metabolism (see p. 
670.) 

The most important of the plastic products are enumerated be- 
low. They are all found accumoulated as reserve materials in 
varions parts of plants, though some of them (e.g. amides, glucose, 
maltose) are more especially the forms in which organic substance 
is distributed thronghout the plant. 


Non-nitrogenons reserve materials :— 
4, Carbobydrates ; in solid grannles, starch; in many seeds, and 
tabers, 


in thickened cell-walls, collnloso; as in Dato-seed, 
Coffee-seed, Vegetable Ivory, 
dissolved in eell-sap; grape-sugar, as in the Onion 
and in fruits; cane-sugar, as in the Sugr-cane and 
the Beetroot; inulin, asin the Jerusalem Artichoke 
and Dahlin, 
%. Fats; in drops in many seeds (Rape, Linseed, Castor-oil, Palm, ete.). 
Nitrogenous reserve materials :— 
@. Proteids; in solid granules (alenron; p. 112), in seeds, more espe- 
cially oily seeds; or in the cytoplasm (e.g. Intex). 
b. Amides; asparagin, eto., in solution in the cell-sap of bulbs, tubers, 
bulbous roots, etc. 


With regard to the mode of formation of these snbstances, 
some of them are certainly produced both synthetically and ana- 
lytically, that is, both in anabolism and in catabolism, whereas 
others are only produced in one or other of these ways. 


Fats and Carbohydrates. There is come evidence that fats are formed in the 

catabolism of protoplasm : that is, that in the decomposition of the proto- 

moleenle, fat isfrequently one of the products: there is also renson to 

delieve that the purely reserve carbohydrates, starch, canc-sugar, and cellulose, 

have a similar origin. The other sugars (glucose, maltose) may be formed 
snabolically, but are also formed by enzymes from the reserve ca:bohydrates, 
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two molecules, when they are prismatic (raphides). The resins: 
and ethereal oils ure usually excreted by the cells in which they are 
formed, into intercellular spaces (resin-ducts, oil-glands, see p.138): 
the tannins are mostly stored in cells, dissolved in the cell-sap. 


Some general idea may be formed as to the relation of these substances to 
the catabolic processes by a consideration of the origin of oxalic acid and of 
tannin in the plant: the matter has been moro fally investigated with refer- 
ence to these substances than to any others, and the results in these two oases 
correspond in a remarkable manver. 

Ta the first place, both these substances are abundantly formed in connexion 
with active clewical change of the plastic substances (probably the nitro- 
genous) sopplying the demands of a growing part: for fustauce they are 
abundant in see lings, in developing shoots, rots, ete. This formation, which 
is quite independent of light, is distinguished as primary, aod the caleium 
oxalate and the tannin thus formed remain permanoutly in the cells in which 
they are formed : the primary calcium oxalate is characterised by the prismatic 
form (ruphides), A secondary formation of both these substances takes place in 
green par.s of planta exposed to light, in leaves for iustance: they are formed 
so abandantly nnder these circumstances that they must be contivually trans- | 
ported (in solution by osmosis) from the seat of formation to other parts, for 
instance, from the leaves to the stem. This secondary formation is associated, ! 
not with the assimilation of carbon dioxide, but with the formation of 
nitrogenous organic substance (see p. 720): but though associated with thia 
anabolic activity, the actual process of furmation of these two substances is 
probably not eynthetic, but analytic; it is a catabolic process which necesearily 
accompanies the anabolic, 


The oxygen which is set free in connexion with the decomposi- 
tion of CO, in the green parts under the influence of light, is 
exhaled in the gaseous form; this is also the case, for the most 
part, with the watery vaponr and the carbon dioxide produced in 
catabolism, In some cases, however, some portion of the carbon 
dioxide forms calciam carbonate, which is either deposited in the 
solid form (e.g. eystoliths, see p. 108), or is excreted by means of 
the chalk-glands (p. 137). 

In some cases, substances of nutritive value are excreted by 
plants, as for instance, the sugary liquid known as nectar by 
special glands, the nectaries (see p. 679), of flowers, and the 
digestive liquid poured out by the glands of the carnivorous plants, 
This loss of substance is, however, compensated for by the advan- 
tages gained by the excretion. The nectar attracts insects, and so 
ensores cross-fertilisation, and the excretion of the caruivorous 
plants results in the digestion of the entrapped insects (see p. 711). 

The mechanism of ezcrefion may be generally illustrated by 


lat. | 
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¢. Plants which do not possess chlorophyll are nnable to absorb 
kinetic energy in the form of light, but they obtain their supply 
in other ways. For instance, it has been pointed out (p. 711) 
that these plants require more or less complex carbon-compounds 
as food: the significance of this fact is not only that these plants 
are unable to produce these compounds for themselves from carbon 
dioxide and water, but further, that these compounds represent 
potential energy which, in the decomposition of these compounds 
in the body of the plant, is evolved in the kinetic form: hence 
these organic food-substances supply the plants not merely with 
matter, but also with energy. 


Plants without chlorophyll also obtain energy by yet other means. For 
instance, when sugar is fermonted by Yeast (seo p. 723), there is a considerable 
evolution of energy, and this is the trae significance of the process from the 
point of view of tho Yeast-plant: similarly, Bacteria cause varioua putrefac- 
tive and other fermentations which are attended by an evolution of energy. 
In these cases it would appear that the plant avails itself of the kinetic energy 
evolved in the fermentative process. 

A few cases have been investigated among Schizomycotes in which the supply 
of kinetic energy is obtained by oxidative processes: this ocours, for instance, 
in the case of the nitrifying organisms (Nitrobacteria) which oxidise ammonia 
compounds to nitrites, and nitrites to nitrates, in the soil: in the case of the 
Sulpkobacteria which oxidise hydrogen sulphide (H,8) with the formation of 
sulphates; and in the case of the Merrobacteria which oxidise ferrous to ferric 
salts (see p. 710). 


The energy obtained in any of these ways is of primary impor- 
tance in the anabolism of the plant: it is concerned with the 
building up of more and more complex organic compounds and 
with the notrition of the protoplasm; and in as far as these com- 
pounds, such as carbohydrates, proteids, etc., accumulate in the 
plant, in so far is potential energy accumulated likewise, But, 
inasmuch as the catabolic processes are at the same time in con- 
stant operation, there is going on in the plant a constant conversion 
of potential into kinetic energy, a considerable proportion of which 
is dissipated or lost to the plant. 

Energy is most commonly dissipated in the form of hext, in a 
few cases in the form of light, and also commonly in the form of 
movement. The evolution of heat by plants is not usnally 
sufficient to cause the temperature of the plant-body to be higher 
than that of the surrounding air, This is partly due to the fact 
that the catabolic processes of plants are not generally very active, 
and partly to the continual loss of heat by radiation and in con- 
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culation, or rotation: some are capable of locomotion during the 
whole or a portion of their life, a peculiarity which is shared by 
many reproductive cells, such ns zoospores and spermatozoids: in 
some cases, the floral or the folinge-leaves of the plant can perform 
movements, as the folinge-leaves of the Sensitive Plant, of the 
Telegraph-plant, of Dionwa muscipula (Venos’ Fly-trap), the 
stamens of Berberis and of the Cynarem, or portions of leaves ns 
the tentacles of Drosera (Suu-dew, see p.711). These movements 
are considered in detail in the next chapter, 

The connexion between these varions forms of dissipation of 
energy and the catabolic processes, is clearly demonstrated by the 
fact that any change which prejudicially affects the activity of 
catabolism, similarly affects the dissipation of energy. For 
instance, in the absence of free oxygen, a condition which 
diminishes catabolic activity in most cases, germinating seeds or 
opening flowers ecase to evolve heat ; the luminous Fungi cease to 
emit light; growth, and the other more conspicuous movements 
are arrested: similar effects are produced by exposure to a low 
temperature. 

The main facts of the metabolism of the plant may be clearly 
summed up in a general table of the income and expenditure, such 
as the following. It may be explained that in this table account 
is taken of only that portion of the water absorbed from without 
which actually enters into the metabolism; the remainder, which 
simply traverses the plant to be exhaled as vapour in transpiration, 
is not considered. Under the head of “ incidental losses” are 
included the loss of organic substance connected with throwing 
off reproductive cells, such as spores and spermatozoids, or other 
reproductive organs such as seeds, bulbils, etc.; and the losa 
accompanying the shedding of leaves, etc.,in the case of plants 
which live through more than one period of growth. 








734 


PART IV.—THE PHYSIOLOGY OF PLANTS. 


Puant possessive CaLonoPHYLy. 


Income. 
I. Matter, 

Food ; viz. 
Inorganic salts, 
Carbon dioxide. 
Water. 

Free oxygen. 


IL, Energy. 
Heat. 
Light (absorbed by chloro- 
phyll). 


Expenditure. 
1. Matter. 
a. Accumulated. 

Organic substance of tissues 
(protoplasm, cell - walls, 
etc.). 

Reserve materials (starch, 
sugar, fats, proteids, ete.), 

Unexcreted organic waste 
products (tannins, alka- 
loids, acids, etc.). 

Mineral matter of ash. 

b. Dissipated. 

Carbon dioxide) in respira 

Water tion. 

Free oxygen (evolved by grea 
parts in light). 

Incidental losses (reproduc- 
tion, eto.) 

IL. Energy. 
a, decumulated. 

Potential energy of the 
accumulated organic sub- 
stance (826 above). 

b. Dissipated. 

Heat. 

Light (in some cases). 

Movement (including growth). 

Potential energy (in connerx- 
ion with the incidental 
losses of organic substance, 
as above). 


In the case of plants which do not possess chlorophyll, the account must be 


altered thus :— 
Income. 
I. Matter. 
Food; viz. 


Inorganic Salts. 

Organic matter. 

Water. 

Free oxygen (in most cases). 
IL. Energy. 

Heat. 

Potential energy of organic 
Sood. 





Expenditure. 

Same as in plant possessing 

chlorophyll, except that no 
Sree oxygen is given uf. 


CHAPTER IIt. 
“SPECIAL PHYSIOLOGY OF MOVEMENT. 


§10. Introductory. The movements to be specially con- 
sidered here are such as may be characterized as vital; that is, 
they are essentially manifestations of the life of the protoplasm. 
This statement is rendered necessary by the fact that movements 
do occur in plants which are dependent upon purely physical 
causes; instances of these are afforded by the rupture of pollen- 
sacs and other sporangia, the twisting and untwisting of awns (as 
in the fruits of Krodium, p. 612, and Stipa, p. 548), the bursting 
of fruits (as in the Balsam, Jmpatiens Noli-me-tangere, and the 
Squirting Cucumbers, such as Ecbalium, Momordica, and Elater- 
inm). These movements may be due, in the simpler cases, either 
to expansion and contraction of hygroscopic cell-walls resulting 
from variations in the moisture of the air, or to the imbibition 
with water and the consequent swelling-up of mucilaginous sub- 
stances in the cells; in the more complicated cases the movement 
depends upon tensions set up between different layers of tissue in 
consequence of unequal expansion. 

‘The vital movements are either spontaneous or induced, In the 
former case they are the result of causes operating in the or- 
ganism itself; in the latter, they are the result of causes acting 
upon the organism from without. 

The following are the principsl phenomena of movement ex- 
hibited by plants; the streaming movement of protoplasm 
(cyclosis) ; the expansion and contraction of contractile vacuoles; 
the locomotion of entire organisms; the movements of cellular 
members. ‘ 

§ 11. Automatism. The spontaneous movements may be 
conveniently considered under the two heads of movements of 
protoplasm, and movements of cellular members. 

A. Movements of Protoplasm. Under this head are included 
such spontancons movements as can be directly observed in the 
protoplasm. The first to be noted is the streaming movement, 
which can be frequently observed either in naked protoplasm (e.g. 
plasmodia of Myxomycetes), or in the protoplasm of comocytes 
clothed by a cell-wall (e.g. hyphm of Fangi), or in that of cells 
(eg. leaf of Elodea and Vallisneria, internodal cells of Characes, 
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specially modified matare members ; the movements of the latter 
are termed movements of variation, those of the former, movements 
of growth. 

These two kinds of movements can be readily distinguished 
from each other, inasmuch as the movements of variation are 
rapid and can be easily observed, whereas the movements of 
growth are slow and can only be followed by means of special 
apparatus. 

a, Movements of Variation, The majority of the movements of 
variation are induced, a few only being spontaneous. Instances _ 
of spontaneous movement are afforded by the rising and falling of 
the lateral leaflets of the trifoliolate leaf of Desmodium gyrans, the 
Telegraph-plant ; by the oscillation of the labellum of Megaclinium 
faleatum, an African Orchid; by the bending apwards and down- 
wards of the gynostemium of Stylidiwm (Candollea) adnatum 
(see p. 692). It must, however, be pointed ont that the power of 
spontaneous moyement may be possessed by plants thongh they do 
not manifest it under ordinary circumstances. Thus the leaves 
of the Sensitive Plant (Mimosa pudica) move spontaneously in 
darkness, but they will not do so in the light. This is also true 
of various Leguminosm and Oxalidacem, 

b. Movements of Growth. Before entering upon # description 
of the movements of growth, a clear idea must be formed of what 
growth really is. By growlh is mennt change of external form, 
which is usually, though not necessarily, accompanied by increase 
in bulk; the change of form being rendered permanent by the 
deposition of new substance: it is a function of embryonic proto- 
plasm (see p. 16). 

The growth of the plant-body takes place to a greater or less 
extent in all three dimensions of space. For instance, when it 
takes place equally in all three dimensions, a spherical body is 
produced, as in Protococens and Volvox. Occasionally it takes 
place especially in two dimensions, the result being & flattened © 
body, such as a Fern-prothallus or an Ulva. More commonly, 
however, it takes place especially in one direction, so that the 
plant-body assumes an elongated form. An extreme case of this 
is afforded by Spirogyra and other filamentous Algw, It is this 
graeth in length which has been more especially studied physio- 
logically, and in what follows, “growth may be taken to mean 
“ growth in length,” unless there is some definite statement to the 
contrary, 
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and is still more remote, the rate of growth sinks, until finally 
the adult stage is reached, and growth ceases. 

Careful observation of growing members has shown that, in 
addition to the spontaneous variation constituting the grand 
period of growth, small irregular variations are constantly taking 
place, which, since they are apparently spontaneons, are termed 
irregular spontaneous variations. 

Another point which mast be taken into account is the energy 
of growth; that is, the relative capacity of different members for 
growth in length. The differences in the energy of growth in 
growing members manifest themselyes in differences either in the 
length of the grand period, or in the rate of growth; in other 
words, members may grow for a longer or shorter time, or they 
may grow more or less rapidly. In any case the result is that 
members attain different lengths. For instance, it is easy to 
observe that the lower internodes of most stems remain short; 
that those above them are longer; that 
those of a certain part of the stem are the 
longest; and that the upper ones again are 
short. In the same way the size of the 
leaves attached to these various parts of 
the stem increases from below to about 
the middle, and then diminishes. 

Variations in the Direction of Growth. 
Although it is true, as stated above, that 


the result of growth is, generally speaking, 
that the apex of the growing member is 
moved onwards in a line which is the con- 
tinnation of the axis of the growing organ; 
yet, during the actual process of growth, 
this relation of position is not maintained, 
because the rate of growth is at no time 
uniform throughout the transverse section 
of the region of elongation. Suppose a 
radial stem rising vertically from the soil; 
the longitudinal axis of the fully grown 
portion of this stem is vertical, but this ia 
not true of the growing portion. If the 


| 

Fig. 47.—The growing 
primary root of the Pea in 
twostages. 4 The root is 
marked by Lines mt equml dim 
tances. Ti: Bthe differences: 
in rapidity of growth are 
perceptible: the uppermost 
Jines bare not beon sepa- 
muted; the root has cemsed 
to grow here, The lowest 
Hikew Lee are atill clobe toge- 
ther; ab the growing-point 
Gongation hax not taken 
place. In the intermediate 
none theelongation hae bees 


wory great, 


apex be looked down upon from above it will be seen to travel in 
an orbit round the prolongation of the longitudinal axis of the fully 
grown portion, in the manner indicated by the following diagram. 
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Tn this case, the stem being radially symmetrical, the orbit is 
approximately circular; but in cases in which the member tends 
to be bilaterally symmetrical, one diameter of the orbit becomes 
proportionally elongated, the orbit being then oval, or elliptic, 
until, finally, when the bilateral symmetry is strongly marked, 
the orbit becomes a straight line, the growing-point simply oscil- 
lating from side to side. Whilst the growing-point is travelling 
in its orbit, it is at the same time being raised upwards; so that 
it desoribes a path which is, according to the form of the orbit, a 





A 





Fr, 479.—Tilustration of the epinastic growth of the loaves of the Sunflower (Nelianthas 
@uaeun). A represents the position of the leaves when the plant is exposed to light; B 
Fopresnts the position of the leaves when the plant hae heen kept in darkness for twonty- 
four boars, In 4 the leaves are expander in consequence of the directive (diaheliotropic) 
Action of the incident rays of light, In B the leaves, in the absence of light, had become 
recurved in virtue of their inherent epinastic growth, 


eircular spiral, an elliptical spiral, or a zig-zag. These changes 
of position are, however, not permanent; for example, though the 
growing-point may be travelling upwards in a spiral, the fally- 
grown stem does not resemble a corkscrew, bat is straight, 
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stigma of Mimulns, Martynia, and Bignonia; and by the style of 
Goldfussia anisophylla, 

‘The most familiar case is that of Mimosa pudica, the Sensitive Plant, The 
Jeaf of this plant is bipinnate, consisting of a primary petiole bearing at its free ; 
end four secondary petioles, upon which the leatlets or pinnw are inserted (see 
Fig. 472). The primary petiole is articulated to the stem; ench secondary 
petiole to the primary petiole; aud each pinna to the secondary petiole, by a 
palvinus. When stimulated, the pinnw fold together forwards and upwards: 
the secondary petioles move sideways s0 a8 to come closer together and to lie 
almost parallel; and the primary petiole sinks downwards; the pulvini act ag 
inges upon which the various parts move. 


It is only a few growing members which react perceptibly to 
mechanical stimulation; such are tendrils, the petioles of leaf- 
climbers (e.g. Tropeolum, Lophospermum scandens, Maurandia, 
Solanum jasminoides), the stem of at least one stem-climber, 
namely that of Cuscuta (Dodder), and roots. In these cases the 
contact must be of relatively long duration, becoming, in fact 
pressure, 

It is still a question whether the internodes of all atem-climbers may not be 
in some degree sensitive to contact; but if ao, they are sensitive only to long- 
continaed contact. 


The irritability of geowing members to mechanical stimulation 
is, however, less marked than that of the mature motile members 
mentioned above. Even in the most sensitive growing members, 
such as tendrils, the resulting movement is comparatively slow. 
The movement induced in these members is that they tend to | 
curve round the object with which they have come into contact. | 
The result of this is that fresh portions of the member come into 
contact and are stimulated to curve, so that the member forms 
coils ronnd the object, and thns becomes firmly attached to it. In 
the case of roots, when the growing-point is more or less injured | 
by pressure or otherwise, a curvature is induced of sucha kind 
that the injured side becomes convex, with the result that the 
growing-point, and consequently the direction of growth, is de- 
flected from the obstacle or other canse of injury. 

b. Irritability to Variations of Temperature. Movement, like the 
other functions (see p. 671), is affected by temperature, but this 
influence is not stimulating but tonic: it does not induce move- 
ment, but merely modifies the activity of movement (see p. 760), 
A sudden variation of temperature may, however, act as a stimulus 
and induce a movement. This kind of irritability has been de- 
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light—is the result of the absence of the retarding paratonic action 
of light. 

‘The exceptions to thia rale are the shoots of stem-climbers (Hop, eta), The 
Stems of these plants have, under ordinary conditions, very long internodes ; 
they seem to grow to the utmost even althongh they are exposed to light, and 
they do not grow to any greater length in darkness. On aceount of this pecu- 
liwrity they have been termed “ normally etiolated. shoots.’ 


The effect of the paratonic action of light can also be estimated 
by direct measurement of the growing member. As the result of 
a great number of comparative measurements, it has been found, 
in regurd to members of all kinds, that the rate of growth is more 
rapid in darkness than in light. 

An interesting demonstration of the relation of the rate of 
growth to light, is afforded by the observation of the growth of 
any member at given intervala—every hour, or every two or three 
hours—daring an entire day of twenty-four hours. By this means 
it has been ascertained that a growing member exhibits a regular 
daily periodicity in the variutions in its rate of growth, which has 
a direct relation to the alternation of day and night. 

A genera! inspection of the tracings in Fig. 480 shows that the 
rate of growth increases in darkness, and diminishes in the light. 
This is more apparent in the 83-hour than in the l-hour tracing, 
for the latter is complicated by the registration of the spontaneous 
variations in the rate of growth (see p. 739), whereas the former is 
not, owing to the longer interval between the measurements. 

It will be further noticed that the effect of a change from dark- 
ness to light, or from light to darkness, is not manifested ab once; 
but that after such a change, the rate of growth goes on, fora 
time, as it did before, until gradually it alters. In fact, a growing 
member, though kept in continuous darkness, will exhibit a more 
or less well-marked periodicity for several days. This is a good 
instance of the general slowness of reaction which characterises 
growing members. 

But it must be borne in mind that variations of temperature 
also affect the rate of growth. Hence, since the alternation of 
day and night is accompanied by changes of temperature, the 
forms of ‘the tracings in the fignce are not solely due to the influ- 
ence of light, but also to some extent to that of temperature. 
Speaking generally, it may be said that, as the intensity of the 
light diminishes towards evening, the temperature falls, The 
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former condition tends to accelerate growth, but the latter te 
retard it. The actoal rate of growth is the resultant of the 
acceleration due to diminished light, and of the retardation due to 
a falling temperature. Similarly, in the morning, the increasing 
intensity of the light tends to retard growth, whereas the rising 
temperature tends to accelerate it. The actual rate of growth i 
the resultant of the retardation due to increased intensity of light, 
and of the acceleration due to a rising temperature. 




















Fie. 480.—(After Sachs), Tilustrating the daily perioilicity of growth in length. 


In Fig. 480 there is given a graphic representation of two complete daily 
periods of growth as observed in a Dahlis-stem. The absciaue of the base-line 
represent periods of two hours, and the divisions of the ordinates represent suit 
of growth in length. The tracing marked 1A is the result of hourly measar> 
ments of the growing stem; the tracing marked 3h is the result of measure 
ments made every three hours. Tho variations of temperature have been ale 
taken into account, and are represented by the tracing marked €; the baseding 
represents 12° R., and five of the divisions of the ordinates represent 1° ih: it 
will be seen that the tempernture varied between abont 12.5° BR and 165 2 
The shaded «paces represent periods of darkness. 


The paratonic action of light varies with its intensity ; the more 


—_ | 
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intense the light the more marked the paratonie action, Exposure 
to very intense light may entirely arrest growth for the time 


It has been found that the different rays of the spectram are 
not equally active; the paratonic effect of the more highly refran- 
gible rays (violet, indigo, blue) is far greater than that of the 
e. of lower ‘tefrangibility (see Fig. 481). 

to the Direction of Incidence of the rays of Light 
A heieactarg This kind of irritability is extremely common, 
and generally manifests itself in the most striking manner. The 
most active rays of light are those of high refrangibility (violet, 
indigo, bine). 

A remarkable example of this is afforded by the zoospores of 
various plants (e.g. Ulothrix, Hmmatococens, Botrydium, etc.). 





Da zE . G ca 


‘Pro. 451.—(ANer Wiesner) Curve illastrating the relative beliotropic effect of rays of 
different refrangibility, The lowers 4-H in the base-line Indicate the position of tho 
moore important lines in tho solar spectrum, The curves /, [1,11 represent the degree of 
Gurvnture, wudor the influnnce of the different rays, presented by the Vetch,the Cress, and 
tho Wiflow respectively, The curve zy representa the relative effect of the different rays 
in retarding growth ; itis greatest mt y, und lonet ata 


When light falls obliquely upon them, these zoospores arrange 
themselves in the water so that their long axes are parallel to the 
direction of incidence of the rays; this phenomenon is termed Photo- 
taxis, Moreover, the direction of their movement is also determined 
by the direction of incidence of the light. They move in the line 
of incidence, but they may move either towards or away from the 
source of light; the direction depending partly on the intensity of 
the light, and partly on the degree of irritability of the zoospore. 
When a zoospore moves towards a souree of light, it is suid to be 
positively phototactic; when away from it, negutively pholotuctic. 
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In the case of folinge-leaves and other dorsiventral members 
which cannot execute movements of variation, the light-poaition ia 
assumed in the course of development, and is fixed. Since it 
cannot be altered in relation to variations in the intensity of the 
incident rays, the position assamed is determined by the most 
frequent direction of incidence of the rays of suitable intensity. 
For instance, the fixed light-position of the folinge-leaves of plants 
growing free in the open, is nsually not such that the ventral 
surface is horizontal, facing the zenith ; but such that it is directed 
towards that quarter of the sky from which, not the brightest 
sunlight, but the brightest diffuse daylight, falls perpendicularly 
upon it. In fact, it is not unusual to find that the fixed light- 
position of leaves, when the light is of high average intensity, is 
such that the surfaces are vertical, s0 that the margin is pre- 
sented to the zenith. Under these circumstances both surfaces 
are equally exposed to light, and the structure of the leaf becomes 
more or less isobilateral (see pp. 164, 686). 

A most remarkable instance of a fixed light-position with vertionl surfaces, 
is afforded by the so-called “Compass -plante,” Silphium lacinéatum, and 
Lactuea Scariola. The surfaces of the leaves of these plants are not only 
vertical when fully exposed to bright light, but they place themselves in a 
vertical plane which more or less nearly coincides with the meridian of the 
locality, the surfaces of the leaves facing cast and west. Itis this relation of 
the fixed light-position of the leaves to the points of the compass which sug- 
gested the name “ Compass-plants.” 


The fact that the ultimate position of dorsiventral leaves is 
mainly determined by light, is demonstrated by removing them— 
whilst still growing, and therefore capable of a change of posi- 
tion—from its influence. In darkness these leaves take up an 
altogether different position (see Fig. 479), becoming curved in 
various ways; when again exposed to light they resume their 
previous diaheliotropic position. 

With reference now to radial members, it may be generally 
stated that the essential feature of their response to the directive 
influence of light is that they tend to place their long axes in the 
direction of incidence of the brightest light falling upon them. 
Whereas in the case of dorsiventral members the important point 
is the relation of the morphologically tpper surface to the direction 
of the incident rays; in the case of radial members the important 
point is the relation of the long axis to the direction of the incident 
rays. : 
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under the influence of intense unilateral illumination, the radial organ becomes 

physiologically dorsiventral; it ia then diaheliotropic (not negatively helio- 

tropic) in place of being positively heliotropic, and any curvature which it may 
_ Present is dne to epinasty or hyponasty. 


The flattened, typically isobilateral, leaves of various Monocoty- 
ledons, such as those of Iris, appear to be positively helivtropic. 

¢. Irritability to the Directive Influence of Gravity (Gentropism). 

The effects of the stimulating directive action of gravity must 
be clearly distinguished from those which are due to the mere 
weight of the parts. It is only the former which are referred to 
by the term geolropiem. The geotropic curvatures are effected 
with considerable force, and will take place even against consider- 
able resistance; for instance, it has been observed that the pri- 
mary roots of seedlings will curve downward into mercury. 

Geotropic irritability is manifested by various members, such as 
stems, leaves, and roots, The phenomena of geotropism in the 
three categories of members, the dorsiventral, the radial, and the 
isobilateral, will now be studied. - 

With regard to dorsiventral members, it appears that many 
leaves, both growing and motile, lateral shoots of Conifers and of 
many dicotyledonous shrabs, runners, ete., which are dorsiventral, 
take up such a position, when acted upon solely by gravity, that 
their longitudinal axis is horizontal—that is, at right angles to the 
line of action of gravity, the vertical—and that their morphologi- 
eally superior surface is directed upwards. If these members are 
moved ont of this position so that their long axis is not horizontal, 
they curve until it is so; or if they be so moved that the nor- 
mally upper surface faces downwards, they twist until it faces up- 
wards, These members behave in respect to the line of action of 
gravity just as they do to the direction of the incident rays of 
light. They are diagevtropic, just as they are diaheliotropic. 

It is # familiar fact that at all points of the earth’s surface typi- 
cal radial members, such as primary shoots and roots, grow with 
their long axis vertical, but with this difference, that the direction 
of growth of the primary shoots is away from the centre of the 
earth, whereas that of the primary roots is towards the centre of 
the earth. It can be readily demonstrated (by Knight's machine, 
Fig. 483) that this vertical direction of growth is due to the force 
of gravity, that it is, in fact, a phenomenon of geotropism, But 
the effect produced is precisely opposite in the two cases; primary 
shoots grow in a direction opposed to that of the action of gravity, 

¥.8.B, 3c 





the plant is very slow, vo that no centrifagal force is set up. The principle of 
‘it is that, by slowly rotating a plant by moans of a vertical whoel cither (as in 
Pig. 483 8) with the long axis of the plant in the plane of the wheel, or with the 








Fig. 443 (after Kight).—Diagrams iilustrating experiments with Knight's machine, A 
Wheel rotating Worizontally on a vertical axis; B, wheel rotating vertically on @ borlzontal 
au 
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the Daffodil are negatively geotropie when in the bud, but they 
become diageotropic as they open. 

f. Irritability to Differences in the degree of Moisture in the sur- 
rounding Medium (Hydratropism). 

Anritability of this kind is especially characteristic of earth-roots 
which possess it in a high degree, It can be readily demon- 
strated by « well-known experiment. Peas or Beans are made to 
germinate in a sieve full of damp sawdust, the sieve being sus- 
pended in a slanting position. The primary roots grow down- 
wards through the sawdust, and escape into the air (which is 
kept moist). At first they grow vertically downwards in conse- 
quence of their positive geotropism, but they soon curve up- 
wards towards the moist surface. They do this in virtue of their 
hydrotropic irritability, and it is clear that they are positively 
hydrotropic. 

g. Irritability of other kinds. Tt has been ascertained by experi- 
ment that members of various kinds may be stimulated to curva- 
ture by other causes, such as differences of temperature on the | 
two sides, galvanic currents, the flowing of currents of water, and 
by the presentation of various chemical substances; but these | 
various phenomena are not of such immediate importance to the 
well-being of the plant as those which have been described above 
in detail. 

The stimnlating action of certain chemical substances (chemio- 
taxis) is, however, of some importance in connexion with the 
reproductive processes. It had been frequently observed that the 
motile male cells (spermatozoids) of plants possessing them 
appeared to be attracted to the female organ, fertilisation being 
thus ensured; but the cause of this has only recently been as- 
certained, and only in certain cases. It appears that the female 
organ, when it is fit for fertilisation, excretes into the surronnd- 
ing water a substance which attracts the male cella, In Ferns 
and Selaginella this substance is a compound of malic acid; ia 
Mosses it is cane-sugar. 

§ 13. Localisation of Irritability. Among members which 
perform movements of variation, there are many instances of well- 
detined localisation of irritability. Thus, in the Sensitive Plant, 
no movement ensues when the upper side of the pulvinus of the 
primary petiole is touched, but only when the sensitive hairs on 
the under side of the pulyinus are touched; and, in the leaflets, 
it is the upper side of the pulyinus which is sensitive. In Drosera, 
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The means by which stimuli are transmitted is a matter which 
is still under discussion; but it appears that the means of trans- 
mission is not the same in all cases. Whilst in some, such as | 
tendrils and the leaves of Drosera, the stimulus is probably trans- | 
mitted by means of the delicate protoplasmic filaments which con- | 
nect the protoplasm of adjacent cells (see p. 91); in others, for 
instance Mimosa pudica, the stimulus is transmitted as a dis- 
turbance of the hydrostatic equilibrium of the cells: it would, in 
fact, appear that whilst the former means of transmission suffices 
for a short distance, the latter is necessary when the distance to 
be traversed is considerable, In Mimosa pudica there appeara to 
be a special tissue along which the stimulus is conducted: it be- 
longs to the bast, and consists of large elongated cells with pitted 
cellulose walls. 

The Latent Period. Tt has been observed, more expecially with 
regard to the heliotropie and other curvatures of radial growing 
organs, that the curvature does not become apparent for some con- 
siderable time after the stimulus has begun to act. This interval 
is the Latent Period. For instance, it has been ascertained that 
the primary shoots of Bean-secdlings do not begin to curve helio- 
tropically for two hours after an exposure of one hour to unilateral 
illumination. 

When, however, the stimulus to curvature has acted for a 
sufficient time, the curvature will eventually take place even 
though the stimulns has ceased to act: the conditions of curvature 
have been induced, that is, even before the curvature can be 
observed. 

Tn explanation, it may be suggested that, in growing members, 
the stimulus is conveyed but slowly from the seat of irritability 
to the seat of curvature; and i¢ is obvious that the curvatare of a 
growing cellular member is a process which, on mechanical grounds 
in relution with the rate of growth, cannot be effected rapidly, 

§ 15. Combined Effects of different Stimuli, Inasmach 
as it is commonly the case that the motile members, whether 
growing or mature, are irritable to stimuli of various kinds, it is 
clear that the assamption by them of any particular position is 
the resultant effect of the stimuli which may be acting simul- 
taneously, The phenomena in question are strikingly manifested 
by growing members, and it is to these that the following account 
especially refers. 

According to the position assumed in the course of their growth 
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dorsiventral members are these; they are both diageotropic and 
diaheliotropic. But inasmuch as their heliotropic is higher than 
their geotropic irritability, their ultimate position is that in which 
the incident rays of appropriate intensity fall nearly or exactly 
at right angles upon the upper surface. 

It will be observed that, as a rule, in growing members which 
are heliotropically irritable, this irritability is higher than any 
other; consequently the ultimate position assumed by the mem- 
ber is mainly determined by the direction of the incident rays of 
light, and it is termed, therefore, a light-position (see p. 748), 
although other directive influences may have contributed to its 
assumption, 

The most remarkable case of combined effects is afforded by the’ 
growth of twining stems. A twining stem, at its first develop- 
ment, is straight, but after it has come to consist of two or three 
internodes its apex hangs over to one side, for the stem is not 
safficiently rigid to support its own weight. It then exhibits cir 
camnatation ina marked manner. If once it comes into contact 
with a moro or less vertical support of appropriate thickness, it 
twines round it. 

The analysis of the phenomenon of twining is still a matter of 
discussion, The main facts are the following, Twining stems are 
strongly negatively geotropic; this is proved by the fact that they 
will not twine round very oblique or horizontal supports. Again, 
contact with a support interferes mechanically with the cireamnu- 
tation of the stem, and causes it to take place in an orbit of which 
the support is theaxis. Finally, a twining stem usually undergoes 
torsion, that is, a twisting about its own axis, and this has been 
suggested as an essential factor in the process of twining ; but there 
is not evidence to support this suggestion. 

The commonly accepted explanation of twining is that it is 
due to the negative geotropism of the stem, combined with its cir- 
eumnntation modified by contact with the support; but it is 
doubtful if this explanation is adequate. It has been suggested, 
with some show of reason, that twining stems are irritable, like 
tendrils, though in a less degree, to continuons contact with a sup- 
port. Tt is admitted that the stem of the Dodder (see pp. 685, 
743) is thus irritable. If this be so, then the irritability of twining 
stems is the most important factor in the process, 

Tn order to investigate independently the degree and the kind of geotropic 
tind -heliotropic irritability of m member, it is necessary to be able to exclude 
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instance, when a Sensitive Plant is kept in continuous darkness, 
the leaves first lose their power of responding to stimuli, and 
| later their spontaneous movements cease. 

Irritability may also be abolished by special means, For in- 
stance, exposure to the vapour of chloroform or ether destroys the 
irritability of the leaves of the Sensitive Plant. Again, it may be 
abolished by repeated stimulation, the interval between the stima- 
lations being very short. This has been observed in the case of 
the leaves of the Sensitive Plant and of Dionwa, 

§ 17. Mechanism of the Movements, The ultimate factor 
in the mechaniam of the vital movements of plants, whether spon 
taneous or induced, is the motility of the protoplasm (see p. 670). 

Though the intimate mechanism of the motility of protoplasm 
is not fally understood, yet a consideration of the mechanism of 
the movements described above will be instractiye, With regard 
to the streaming movement of the protoplasm, it is probably due 
to wave-like contractions and expansions of the protoplasm. The 
mechanism of the movements of the contractile vacuoles appears 
to be this: the systole of the vacuole is due to the sudden active 
contraction of the protoplasm, the contained liquid being expelled; 
the diastole, to the active but gradual expansion of the protoplasm, 
the cavity of the vacuole, as it enlarges, being filled with liqnid. 
The protrusion and retraction of pseudopodia in amw@boid move- 
ment may be accounted for in the same way; the protrusion is 
probably analogous to the diastole of the contractile vacuole, the 
retraction to the systole. A similar explanation may be offered 
of ciliary movement. 

The movements of cellular members take place in a definite 
region, which may be distinguished as the motile region; this is, 
in growing members, the region of elongution (see p. 738); and, in 
mature members, is &® more or less well-marked region of motile 
tissue which may constitute a distinct motile organ (¢.g. pulvinus 
of a motile leaf), The movements depend essentially upon varia~ 
tions in bulk of the cells, and these, in turn, upon variations in 
turgidity (see p. 668). It is clear that if the turgidity, that is 
the hydrostatic pressure of the cell-contents, increases, the cell 
will expand provided that the wall be extensible; and conversely, 
that if the turgidity diminishes, the cell will shrink, provided the 
wall be elastic. Movement can ouly take place when the cel - 
walls possess these physical properties: hence, the pulvinus of 
mature motile leaves consists mainly of parenchymatous cells with 
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spaces; these cells, being flaccid, are unable to counteract the 
downward pressure of the still turgid cells of the upper half of the 
_ pulvinus, and to support the weight of the leaf; consequently the 

primary petiole sinks downwards. The same mechanism obtains 

in the movements of the leaflets and of the secondary petioles; the 

only difference being that, in the pulvinus of a leaflet, it is the | 

cells of the upper half of the pulvinus which lose their turgidity 

on stimulation, so the leaflet is raised upwards; and, in the pul- 

vinus of the secondary petiole, it is the cells of the inner half 

which lose their turgidity, so the secondary petioles approach the 

middle line. This account is also applicable to all side-to-side 

movements, such as that of the leaf of Dionmwa, and that of the 

stamens of Berberis and Mahonia. 

The heliotropic or other curvatures taking place in the elonga- 

ting region of growing cellular members, are due to the shortening 

of the cells on the side becoming concave, and to the elongation of 

the cells on the side becoming convex. The mechanism of the 

curvature seems to depend in this case not so much upon a differ- 

ence of turgidity between the cells of the two sides as npon a 

difference in its effect: whereas turgidity induces the nsnal longi- } 

tudinal elongation of the cells of the convex side, it induces longi- 

tudinal shortening in the cells of the concave side in consequence 

of extension in the other dimensions. 

Targidity is then the main factor in the mechanism of the move- 

ments of cellular members ; its mechanical importance is further 

strikingly illustrated by the great rigidity of turgid members, and 

by the great force, equivalent in some cases to twenty times the 

atmospheric pressure, which they develope in opposition to ex- 

ternal resistance, as when the roots of trees cause the splitting of 

walls or of pavements. Although one essential factor in turgidity 

(see p. 668) is the purely physical osmotic activity of substances 

‘in the cell-sap, it must not be forgotten that it ulso depends upon 

the resistance offered by the protoplasm to filtration under prea- 

sure: so that the maintenance of turgidity is after all a vital act. 

‘The maintenance of turgidity appears, in fact, to depend upon a 

certain state of molecular aggregation of the protoplasm lining 

the cell-wall, in which it offers resistance to: the escape of the 

cell-sap; whereas in the flaccid condition the state of molecular 

aggregation of the protoplasm is such that it readily permits the 

escape of the cell-sap under the elastic pressure of the cell-wall. 

| Whilst the fundamental mechanism of the movement of mature 
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some catabolic process. It appears probable that the sudden 
change of state of the protoplasm is determined by the explosive 
decomposition of some complex substance. In the spontaneous 
or automatic movements, the decomposition takea place spon- 
taneously; in the indaced movements, the decomposition is de- 
termined by the action of the stimulus. During the gradual 
resumption of the normal condition, a process of anabolism pro- 
bably goes on which leads to the formation of a fresh quantity 
of the decomposable substance, in consequence of which the proto- 
plasm again becomes irritable and capable of undergoing another 
sudden change of state. 

The effect of varions external conditions, such as exposure to 
light, long-continned darkness, deprivation of oxygen, ete, in 
retarding or inhibiting movement, may be ascribed generally to 
an interference with the motility of the protoplasm, that is, to an 
interference with some condition upon which change in its state of 
aggregation depends, Jor instance, the retardation of the rate of 
growth by light, is the result of a diminished degree of turgidity 
as is proved by the diminution of the tissue-tensions; and this 
Tower level of turgidity in growing cells when exposed to light is 
probably to be attributed to a modification of the molecalar 
constitution of their protoplasm. ‘The arrest of movements of 
variation by darkness is probably to be ascribed to the sup- 
pression of the chemical processes active in the formation of sub- 
stances upon the presence of which the sudden passage of the 
protoplasm from the state of contraction to that of relaxation 
depends: and it may be that the phototonic effect of light (see 
p. 760) is due to its infloence in promoting these chemical pro- 
cesses. 

In conclusion, the mechanical work done in connexion with 
movement remains to be considered, especially in relation to 
cellular members. In the movement of such a member, the work 
is done by those cells whose protoplasm is in a state of contrac- 
tion, not by those whose protoplasm is in a state of relaxation, 
This is a point of special physiological interest; and, on analogy 
with animals, this is what might be assumed to be the case. For 
instance, the great force which can be exerted by a root (see p. 
763) is the outcome of the turgidity of its cells, that is, of the 
contracted condition of their protoplasm. Similarly, in the induced 
movement of the leaf of a Sensitive Plant, the work is done, not 
by the flaccid, but by the still turgid ‘cells of the pulyinus; and 
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inspection between merely histogenic and truly reproductive 
asm. 

§ 19. Vegetative Multiplication, This mode of reproduc- 
tion is distinguished as vegetative, because it is carried on by the 
vegetative organs of the plant, and, in the simpler cases, it is not 
distinguishable from the ordinary processes of growth; though, 
in its higher forms it approximates to reproduction by spores. 
The simpler cases refered to are those of unicellular onganisma: 
these, when they have reached by growth their characteristic 
limit of size, undergo cell-division, with the result that each new 
cell constitutes a new individual: here, multiplication is effected 
by @ purely vegetative process, which, in a multicellular plant, 
would mevely result in an increase in the namber of the cells of 
which the individaal consists. Much the same thing occurs in 
higher plants when (asin many Bryophyta, and in rhizomatous 
Pteridophyta and Phanerogamin) the main shoots die away, and 
the isolated lateral branches constitute new independent in- 
dividuals. Something of a similar kind also takes place in the arti- 
ficial multiplication of plants by means of cuttings : in many plants, 
but by no means all, if a shoot be ent off and be kept under 
favourable circumstances with its cut end in suitable soil, the 
cutting will complete its segmentation by the development of 
roots, and will then be a new individual, Not uncommonly, 
certain parts of the body may become more or less specially 
modified to effect vegetative propagation: for instance buds 
beeome developed into bulbs or into bulbils (see p. 68), or portions 
of the stem or the root become taberous, But the specialisation 
which may be regarded as the highest of all, because it approaches 
most nearly to spore-reproduction, and involves the entire develop- 
ment of all the the new members, is that of gemma in which the 
vegetative reproductive body is not merely a modified member of 
the parent, bat is a special development consisting in some cases 
of only a single cell (¢.g. gemmm of some Algw and Liverworts, 
p 67; oidium-cells of Fungi, p, 274). Something of the samo 
kind occurs amongst the higher plants, such as some Ferns, 
Bryophyllum, ete., where an entirely new structure, a bud, is 
deyeloped on the leaf, and prodaces stem, leaves and roots; it is 
in this way that Begonias are artificially propagated. 

An interesting artificial mode of vegetative propagation is that known aa graft. 
ing or budding, in which « yoang shoot or # bud, termed the scion, of one plant 
is inserted into the stem of another, though allied plant, the stock. Generally 
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no doubt to the firmer cell-wall of spares, bat mainly to a differ- 
ence in the condition of the protoplasm in the two cases: for 
gemmme are especially adapted for rapid propagation under 
favourable conditions. In fact the main object attained by spore- 
reproduction is the maintenance of the species through a period 
of conditions which would be fatal to the life of the individual 
plant. 

In Phanerogams, in which the conditions of spore-formation are peculiar 
{ee p. 431), the function of maintaining the species through a period of au- 
farourable conditions is transferred to the seeds which, like the spores of lower 
plants, have a great capacity for endurance. 


Most plants, and probably all, produce spores; and from the 
physiological point of view there are two modes of origin of spores 
(p. 69): they are developed either aserually or sexually. In the 
lowest plants (e.g. Cyanophycem, Schizomycctes, ete.), a8 also in 
others which have become sexually degenerate (Fungi, such as 
the Aicidiomycetes and Basidiomycetes), spores are only produced 
asexually; whereas in sexual plants there is a sexual formation of 
spores, either exclusively (some Algw, such as the Conjugate, the 
Fueacem, and the Charoidew), or, as is more commonly the case, 
together with asexual spore-formation. In the higher sexual 
plants (Bryophyta, Pteridophyta, Phanerogamia) asexual spore- 
formation is entirely restricted to the sporophyte; whilst in the 
lower plauts in which an alternation of generation can be traced 
(e.g. most Algw and Fungi) the gametophyte retains the capacity 
of multiplying itself by the asexual formation of spores which are 
distinguished as gonidia (see p, 220), The essential difference 
between gonidia and asexually-produced spores is emphasised by 
the fact that whereas the former serve merely to reproduce the 
organism producing them, that ia the gametophyte, or some form 
of it when it is polymorphic, so that the alternation of generations 
is unaffected, the latter only give rise to the antithetic form in the 
alternation of generations, that is, to the gametophyte, 

The retention by the gametophyte of the lower plants of the 
capacity for reproduction by gonidia is of special interest in that 
it throws light upon the course of evolution of sexual from 
primitive asexual forms. Thus, the lowest Algw are asexual, 
reproducing themselves solely by asexually produced spores often 
of the natare of zoospores. But in the course of evolution (sce 
p- 226) some of these zoospores developed into sexual reproductive 
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individual which, in all plants presenting alternation of 
tions, is the sporophyte. : 

In some cases the spore is formed from a gamete without any sexual 
process, that Is, parthenogeneticnily (p. 87); thie applies to the imperfectly 
sexual gametes of Ulothrix and Ectocarpus mentioned above, whence it follows 
that there can be both male aod female purthonogen»sis ; to the azygospores 
of some Zygomycotes (pp. 288, 200) ; to'the oospores developed in the oogonia 
of the Saprologuiaces (p. 204), and to that of Chara erinita (p. 254). 


It has been ascertained, in plants other than the Thallophyta, 
that the nnclens of the sexually-produced spore contains twice as 
many chromosomes (p. 119) as does that of either of the gametes ; 
for instance, if the number of chromosomes in the nucleus of the 
gamete be twelve, that in the nucleus of the oospore will be 
twenty-fonr; and since the sporophyte is developed from the 
oospore, the number of chromosomes in the nucleus of each of its 
cella is also twenty-four, and is twice as great as that in the 
nucleus of the cells of the gametophyte. But, since the gameto- 
phyte is agamogenic, being developed from the asexually-produced 
spores of the sporophyte, the question arises as to how this 
reduced number of chromosomes is arrived at. It is simply dne 
to the fact that when the nucleus of a spore-mother-cell is about 
to divide, the fibrillar network breaks up into only half the 
nomber of chromosomes characteristic of the sporophyte (for 
instance, twelve instead of twenty-four) ; hence the spore, when 
formed, contains the reduced number of chromosomes character- 
istic of the gametophyte and is, in fact, the first term of that 
generation. 

These points have not yet been fully investigated in the Thallophyta, in 
which group various special questions srise, For instance, as already pointed 
out, in many of these plants the gametophyte is directly developed from the 
sexually-produced spore, and yet there can be little doubt that the nuclei of 
the gametophyte each contain only half the number of chromosomes present 
in the nucleus of this spore; for, were it otherwise, each sexuel act would 
involve the doubling of the number of the chromosomes in the nuclei of the 
eneseeding generation, and by continued repetition of the process the number 
would become indefinitely large. It seems probable that a reduction in the 
namber of the chromosomes takes place early in the germination of the 
sexnally-produced spore, ‘Thus it has been observed in certain Desmids that 
the nucleus of the germinating zygospore divides into four, but the product is 
only two new individuals each with a single nuclens; and similarly, that the 
nucleus of the zygospore of Spirogyra divides into four, yet the unicellular 
embryo contains but a single nucleus. Then there is the further question a¥ 
to the number of chromosomes in the nuclei of the gonidia and in those of 
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Tt must not, however, be concluded that because there is no 
observable difference between a gamete and an asexually-produced 
spore, there is no difference whatever between them; on the 
contrary it is clear that they differ widely, since the former 
cannot (except in the rare cases of parthenogenesis), whilst the 
latter can, develope into a new organism. 

The second question is us to the nature of sex: what is the 
difference, if any, between a male and a female gamete? In 
some cases there is a marked external difference ; for instance, in 
the Preridophyta, Bryophyta, and many Algm, the female gamete 
isa large motionless oosphere, whilst the male gamete is a small 
actively-swimming spermatozoid, But this marked difference is 
not essential, it is merely adaptive; it is an adaptation to a more 
or less aquatic mode of life or, at least, of fertilisation. Moreover, 
it is obviously inapplicable in explanation of the many cases in 
which the two conjugating gametes are externally quite similar 
(isogamous plants, see p. 80). Nor has minute microscopic in- 
vestigation brought to light any distinguishing criterion. But it 
must not be concluded on this account that there is no difference 
between a male and a female gamete; it is obvious that there is 
an essential physiological difference between them. For, were it 
otherwise, it would be impossible to account for such a fact, for 
instance, as that even where, as in many Algm, the gametes are 
all extraded into the water, fusion never takes place between two 
male or two female gametes, but only between a male and a 
female. 

Brief allusion may be made to the means by which the sexual 
process is ensured. It might be thought that the most effectual 
means would be the development of the male and female organs 
in close propinquity on the same individual. No doubt this is 
the case, but the result is to ensure the less advantageous mode 
of the process, the mode of self-fertilisation; in fact, in many 
eases in which the male and female organs are thus developed close 
together ss in monecious plants (p. 86), self-fertilisation is pre- 
vented by dichogamy (for instance, the prothallia of Ferns, p. 
399). The real problem is, then, to ensure a sexual process 
between two gametes derived from distinct individuals. The end 
is attained either directly, by bringing the diverse gametes 
together; or indireetly, by bringing the spores together, and 
consequently alao the gametophytes, 

The method of bringing the two gametes together is essenti- 
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@ process is known as hybridisation, and the progeny as hybrids, 
the hybrid being distinguished as « variety-hybrid, species-hybrid, 
or genus-hybrid, according to cireumstances (see p. 457). 

Hybridixation has been bat imperfectly investigated in the Thallophyta, but 
itis known to take place between Pucue serratus J and F. vericulosus 2 + in 
the Mosses some species-bybrids are known, and a few genus-hybrids (between 
the allied genera Physcomitrium and Fonaria; F. hygrometrica $ x Py 
pyriforme 2): in the Ferns variety-hybrids are common, and severnl species- 
hybrids are known: in Phanerogams variety-hybrids and species-hybrids s»ré 
common, tnd several genus-hybrids are known (eg, between Verbascam and 
Celsin; Brassicon nnd Raphanus; Galium and Asperola; Campanula and 
Phyteuma; Gymnadenia and Nigritella; Epiphyllum, Cereus, and Phyllocactus). 
Species-bybrids are usually designated by & combination of the specific names 
of their parents; as, for instance, Digitalis purpureo-tutea, the hybrid resulting 
from the fertilisation of D. lurea with pollen of D, purpurea, When it is desired 
to state accurately which is the male and which the female, such an expression 
as Verbasoun Lychnitie 9 x phoniceum @ is used. 


Hybridisation is by no means equally common in all families; 
thus, among Phanerogams, whilst it is common in such orders as 
the Composit, Scrophulariacew, Polygonaces, Salicacem; and Or- 
chidacem, it is comparatively rare in the Crociferm and Labiate, 
and qnite exceptional in the Umbelliferm ond Leguminose. And 
within the limits of any one natural order the capacity for hybridi- 
sation is not the same in all genera; thus, in the Geranincem, the 
genus Pelargonium possesses it in a high degree, whilst Geranium 
and Erodiam do not; in the Caryophyllacem, Dianthus readily 
hybridises, but Silene does not; and in the Iridacem the same 
contrast exists between Gladiolus and Crocus; and the same 
applies to the various species of any given genus. Nor are all 
hybridisations equally fertile as estimated, in Phanerogams, by 
the number of sound seeds produced, and by the vigour and 
fertility of the resulting hybrid-plants; the general rule being 
that the more remote the two species hybridised, the more delicate 
and the less fertile will be the offspring, and in fact many hybrids 
are altogether sterile; in any case they are more fertile with 
pollen from one of the parent-forms than with that of other 
similar hybrids. It is only when the relation between the parents 
is such as to ensure the appropriate degree of sexual affinity that 
the product of the union is a vigorous and fertile progeny. 

Tt is the rule that hybridisation is reciprocal; that is, that if the 
oospheres of a species A can be doly fertilised by the male 
gametes of a species B, the oospheres of the species B are equally 






CHAPTER IV.—SPECIAL PHYSIOLOGY OF REPRODUCTION, v7 


being stimulated to produce seeds withont any sexual process, that 
is, parthenogenetically (pseudogamy). 


Somewhat analogous to these phenomena are those presented by the #o- 
called graft-hybrids (see p.768), in which seion and stock seem to mutually 
affect each other. For instance, the Bixzarin-Orange is a tree which bears. 
branches and fruits characteristic of Citrus durantivm and C. medica, and of an 
intermediate form, and is stated to bo a graft-hybrid of these two species; 
similarly Cytieus Adami is a plant possessing characters intermediate between 
those of Cytivus Latmrnum and C. purpureus, and is stated to be a graft-hybrid 
of C. purpureus on C. Laburnum; but since the evidence that these plants 
really are graft-hybrids is inconclusive, it is unnevessary to consider them 
farther, 


§ 22. Heredity and Variation. The term heredity is nsed 
to express the fact that an organism inherits in some degree the 
characters of its parent or parents. The degree of heredity—that 
is the degree of resemblance between offspring and parents—varies 
widely, inasmuch as not all the characteristics of the parent are 
hereditary in all modes of reproduction. The highest degree of 
resemblance is attained by means of vegetative propagation: by 
this means the peculiar features of the individual may be exactly 
reproduced in the offspring, and consequently it is extensively 
made use of in horticulture (¢.g. propagation by cuttings and 
bulbs ; badding of Roses ; grafting of fruit-trees, and of ornamental 
trees and shrubs with variegated or otherwise abnormal foliage, 
ete,) to perpetuate some specially valuable peculiarity of a plant, 
and to maltiply the number of individuals possessing it. Such a 
highdegree of resemblance between parents and offspring cannot be 
attained by means of sexual reproduction, for many of the peculiar 
characteristics of the parents are not transmitted by this means. 
The plants resulting from a sexual process between two individuals 
of the same variety or species present, not so much the character- 
istics of the parents, as the characters of the variety or species. 

, The phenomena of heredity in connexion with sexual reproduc- 
tion are especially striking in the case of hybrids, though the 
result of the crossing of species or varieties, as shown by the 
characters of the progeny, is by no means always the same. 
Whilst it is true, as a role, that hybrids are intermediate in 
character between the species or varieties to which their parents 
respectively belong, this is by no means always the case; for some 
hybrida resemble the one parent more than the other, either in 
external form and colour, or in properties such as resistance to 
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Tt would seem natural to carry this rule further, zit to 
the case of asexual reproduction so as to meee ¢ 
that variation does not occur at all in plants produced asexually 
that variation is, in faet, necessari!y associated with the sexual 
process; a conclusion which has met with a certain measure of 
acceptance. But it is a question whether this conclusion can be 
fairly drawn when all the facts of reproduction in plants are duly 
tuken into account. Considering, first, the fact of asexual repro- 
duction by means of gonidia, which is so common among the 
Thallophytes, and which in some Fungi (e.g. Basidiomycetes and 
many others), is the only known mode of reproduction, it is in- 
conceivable, in the face of the vast number of families, genera, and 
species of the plants under consideration, that variation has not 
taken place among them, althongh they present no indications of 
sexnality. Then there are the facts of bud-variation to be con- 
sidered. Bud-variation is the term used to express the fact that 
shoots, whether reproductive or vegetative, are sometimes de- 
veloped, which differ in some striking manner from the other 
normal shoots of the plant; these varying shoots are known as 
“sports”: for instance, many varieties of Rose are known to have 
arisen in this way, such as the Moss-rose from the Provence rose 
(Rosa centifolia). The varieties arising in this way can, as a rale, 
only be propagated vegetatively, by cuttings, grafts, ete., but oc- 
casionally they come true from seed. Here again variation seems 
to ocenr independently of sexual reproduction. 

With regard to the causes of variation, it would appear that the 
capacity for variation, or variability, is increased (a) by sexual 
reproduction, and (b) by external conditions, more particularly 
high nutrition, as is shown by the fact that bud-variation, for 
instance, is rare in wild plants but comparatively common in 
cultivated plants. The character of the variation has also to be 
considered. There is no doubt that variation is often the mani- 
festation, not of a new character, but of an old ancestral character 
which had become dormant; this is especially true of the varia- 
tions of sexnally-produced plants, but it is also true in many cases 
of bud-variation: this kind of variation is termed reversion, But 
there seem to be many cases of variation, and more particularly 
of bad-variation, which cannot be attributed to reversion, and in 
which the direction of variation does not appear to be traceable to 
any determining external causes: such variations seem to be 
altogether fortuitous. 
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The Origin of Species. From the foregoing statements relating 
to heredity and variation, it is possible to draw conclusions not 
only as to the maintenance of existing species, but also as to the 
evolution of new species. 

It is clear that new forms may arise in either of two ways: 
either, first, as the result of the crossing of distinct varieties or 
Species; many recognized species and varieties are probably of 
hybrid origin: or, second, as the result of variation. The forms 
thus produced will exist, for a time at any rate, provided that 
they are capable of reproducing themselves, either vegetatively 
(+.g. by tubers, bulbs, etc.), or sexually (by seeds, etc.) Bat their 
persistence for any long period depends upon their success in the 
struggle for existence. They have to compete for their life with 
their parents and with any other closely similar new forms which 
may have also been developed: if they are successfcl, they will 
persist, and their competitors will, sorae or all of them, die out 
The degree of their success depends essentially upon the degree 
of their adaptation to the circumstances amidst which they bave 
tolive. If they excel any of their competitors in the combinatica 
of qualities (such as hardiness, time of flowering or fruiting, fer- 
tility, etc.) which adapt them to the prevailing conditions of life, 
they will persist and the others will disappear. This conditica 
of struggle constitutes Natural Selection, for the survivors of the 
struggle are, as it were, selected by the fact of their survival. 

At first all new forms, however produced, appear as what may 
be termed varieties of their parent species: but, if they posses 
the requisite reproductive capacity, and if they are successfal in 
the strnggle for existence, they eventually become isolated by the 
disappearance of many of the allied forms, including perhaps the 
parent forms, and remain as distinct species. Thus in some geners 
of flowering plants, the recognised species are few and distinct; 
whilst in many genera (e.g. Rubus, Hieracium) the greatest difi- 
culty is experienced in distinguishing the species and varieties, 
because the process of isolation by natural selection has not yet 
been sufficiently operative. 

§ 23. The Theory of Reproduction. The theory of re 
production is extremely simple in connexion with the more 
primitive modes of vegetative propagation. When, for instance, 
a unicellular organism divides into two, it is easy to understand 
that the two new organisms will resemble each other and the 
parent from which they have sprung, because the parental cell 
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ineffective for generations, are, as it were, set free in consequence — 
of some fresh crossing or of some important change in the con- 
ditions of life, so that the latent ancestral characters now reveal 
themselves. It is scarcely possible to offer any satisfactory ex- 
planation of variation due to other causes, but there is one point 
which, in conclusion, demands special consideration; that is, 
whether or not variations which are the result of the inflaence 
of the external conditions, can be transmitted to the offspring. 
There is no donbt that they can be transmitted by means of 
vegetative propagation. But the real qnestion is as to whether 
or not they can be transmitted through the sexual process; as 
to whether or not the ids in the gamete of an individual can 
transmit not only the ancestral characters, but also characters 
which presented themselves apparently for the first time in the 
individual itself, The weight of opinion is at present in favour of 
the view that such acquired characters cannot be so transmitted ; 
but in the face of the fact that some variations apparently of this 
nature (eg. doubling of flowers, variegation of leaves) are often 
transmitted in this way, it cannot be conceded that this view is 
conclusively established, 
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